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2ABSTRACT
The reaction of a 4-chloromethyl-l,4-dihydropyridine 
with potassium cyanide has been investigated, and in this 
respect it has been found to behave analogously to other 
4-chloromethyX-l,4-dihydropyridines.
However, on treatment with wafer, a unique 
transformation, affording a dihydrofuran, demonstrated 
that the 4 -chloromethyl-l,4-dihydropyridine was considerably 
more reactive than the other 4-chloromethyl-l,4-dihydro- ■ 
pyridines which did not undergo analogous transformations*
An attempt to rationalize this has' been made, and a 
mechanism suggested for the formation of the 2 ,3-dihydrofuran.
Evidence for the structure of the 2,3-dihydrofuran 
is presented. Some reactions of the compound have been 
investigated, including rearrangement to a fulvene 
derivative and degradation to 3 ,3-diacetylpropionaldehyde.
The tautomerism of the latter compound is discussed 
in detail, and a synthesis described.
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C H A P T E R  1 
HISTORICAL INTRODUCTION
9(i) SOME REARRANGEMENTS OF k-CHLOROMETHYL-1, 4-D1HYBROPYRIDINES
The syntheses of some 4--chloromethyl-l, %-dihydro-
pyridines (1? R^CO^Et, R^ = Me ’ $ R = COMe, = Me^;
4
R = CN, R_ = Me,Ph ) were described by E. Denary in a seriesA
of papers published between 1911 and 1922. The method of 
preparation'was in all cases the Hantzsch pyridine synthesis, 
using the appropriate a, (3-unsaturated amine with 1 ,2-dichloro- 
ethyl ethyl ether, as an-in situ source of chloroacetaldehyde.
EtO
MeMe
1
(1)
M e ^
H
(3)
,CH0CN2
'C02Et
Denary examined the action of hot ethanolic 
potassium cyanide on the chloromethyXdihydropyridine 
(1 ; R rrCO^Et, = Me) and reported the isolation of the 
derived cyanide(2 ) and the pyrrole (3)* The pyrrole could 
also be obtained by the action of hot ethanolic potassium
hydroxide on the cyanide (2 ).
c , . ,5,6,7,8,9,10,11,12 , ,Subsequent work »»»»-'* » ’ has shown
that both the cyanide (2) and the pyrrole (3) were incorrect
10
formulations, and that the cyano compound obtained was the 
cyanodihydroazopine (4; R = CO^Et) which could undergo further 
rearrangement to the completely substituted pyrrole (5 )*
H
(4)
EtO_C .CN2 \__
M e <  i-ie
H
(5)
10Kinetic studies of the ring expansion have shown that
the rate determining step was the formation of the dihydropyri-
dinium anion (6 ) in a second-order base-catalysed reaction,
followed by fast rearrangement to the azepine (7 ) and subsequent
1,4—addition of hydrogen cyanide. The intermediate (8 ) was
11an alternative possibility and corresponding bicyclic derivative;
slow fast
Me
(6)
CN”
R
(8)
RY  Y 1
Md 'Tie
Me-" ;g' 'Me
(7)
XX
have been reported as products of the treatment of the 
N-substituted dihydropyridines (9; R| = Me,Ph) with potassium 
cyanide. In these cases the initial proton abstraction to 
give a dihydropyridinium anion was clearly impossible and.the 
mechanism invoiced was ionisation of the chloride, aided by 
the lone pair of electrons on the nitrogen, to give the 
ion (1 0) which could rearrange to afford three different 
possibilities (11,12,13) on addition of cyanide ion. When Rj
(9) (10)
‘Me Me- Me
‘MeMe.
| cirCN
CN
Me
MeMe.
(12) (11)
R
12
was methyl the bicyclic compound (1 1) was obtained, but the 
cyanodihydroazepines (12) and (1 3) were not 5 instead furihejr 
rearrangement to (14) and (15) took place.
CN
R ) v* \ f
Me
Me
Me^ N
R
Me 'S‘
Me
R
CN
N.
H
R = CO„Me
R ./
R
Me x CN
R
(14)
R
Me7
(15)
NH2
When the N-phenyldihydropyridine (9> Rj= 3?h) was treated
with potassium cyanide only the N-phenyl bicyclic compound
12
(1 1 ; Rj = Ph) was obtained.
The action of nucleophiles, other than cyanide ion,
on 4-chloromctbyl*-1,4-dihydropyridines has been examined in 
9 12 13
some detail*
The dihydropyridine (16; R = Me or Et), with sodium 
ethoxide afforded products,J the nature of which depended 
on the conditions of the reaction* In cold ethanolic 
solution, the 4-ethoxydihydroazepine (175 R = Me or Et) was 
formed, whilst in boiling ether the 4H-azepine (18; R = Me 
or Et) was obtained, the latter also being produced by the 
action of ethanolic potassium cyanate on the dihydropyridino 
(16; R = Mo or Et). With sodium ethoxide in boiling 
ethanol the dihydropyridine (l6;-R = Et) afforded the 
3H-azepine (19; 'R = Et) , whilst the corresponding methyl 
diester (19; R = Me) was obtained by the action of sodium 
acetate in hot dimethylsulphoxide on the dihydropyridine
The dihydropyridine (16; R = Et), with dilute ethanolic 
sodium hydroxide, afforded the pyrrolyXcrotonic acid (20), 
whilst with ammonium hydroxide at room temperature, or with 
hot aqueous ethanolic sodium acetate, the pyrrole (2 1) 
was obtained.
the N-methyldihydropyridine (22; R = Me) it was shown that 
boiling aqueous methanolic potassium hydroxide caused 
rearrangement to the -N-methyIpyrrole (23), whilst potassium 
tert.-butoxide in 1 ,2-dimethoxyethane caused ring expansion 
to the azepine (24).
In further work on the action of nucleophiles on
15
13 /The treatment ’ of the dihydropyridine (25;
R =s CO Me, CO St, COMe) with aqueous potassium hydrogen 
sulphide caused ring expansion to an azepine derivative which 
was shown to be the sulphur bridged azepine (2 6 ; R = CO^Me,
CChEt, COMe)
R
Me
H CH-C1
\ / 2
yle
H
(25)
s /
Me" "MeH
(2 6 )
15The reaction of the dihydropyridine (27; R = CO^Me, 
COMe) with barium carbonate in boiling mesitylene gave, by 
extensive rearrangement, the fulvene derivative-(2 8 ;
R = COgMe, COMe).
CH2C1
Me-C-NHMe
(28)
16
(ii) THE CHEMISTRY OF SOME 2,3- AMD 4,5-DIHYDROFURANS
The parent compound, 2,3-dihydrofuran (29), is well
16known, and was first reported in 1945 as a product of the 
pyrolysis of 2-hydroxymethyltetrahydrofuran over a nickel 
catalyst. Subsequently, 2,3-dihydrofuran has been obtained
(29)
17by a variety of reactions. For example, the pyrolysis of
■ 182-cyanoBoth-y-1 1 etrahydrofuran over silica-geX, the treatment
of 2-alko22y-3-chlorotetrahydrofuran with sodium, and the
19treatment of 2-chlorotetrahydrofuran with sodamide.
20Dehydrobromination of 3-bromotetrahydrofuran afforded
a mixture .of 2 ,3- and 2 ,5-dihydrofuran, the latter isomerising
21 22to the former on heating with potassium tert.-butoxide. ’
A high yield of 2,3-dihydrofuran was obtained by chlorination
of tetrahydrofuran to give 2 ,3-dichlorotetrahydrofuran^ (90%),
2 4treatment of which with cuprous cyanide afforded
3-chloro-2-cyanotetrahydrofuran (75%) which, with aqueous 
potassium hydroxide, was converted into 2 ,3-dihydrofuran (90%).
17
Further methods involved the cyclic dehydration of
2-butene-1 ,4-diol and subsequent isomerisation of the
product to 2 , 3 -dihydrofuran, and the treatment.of butane-1,-
4~diol in the liquid phase with a cobalt catalyst at an
25elevated temperature*
Descriptions of the preparation of substituted
2 .3- and 4,5-dihydrofurans appear throughout the literature. 
The best general method appears to be. the catalytic dehydra­
tion of a Y~hydroxycarbonyl or the tautomeric hemiacetal,
. . n 20,26,27,28,29 _ , , 28,30,31,32using heat alone, ’ . ’ ’ ’ copper sulphate, 1
oxalic acid, or phosphoric acid. ’^ A  variation of this
method was the treatment of the acetates of Y~^y^roxycarfo°nyl
compounds with hydrochloric acid in boiling methanol,
34 3 5affording 2,3-dihydrofurans in 25% yield. ’ A further
36 37 38 39 4ogeneral method ’ ’ ’ ’ involved the reductive coupling
of two molecules of a 1 ,2-unsaturated carbonyl compound,
followed by cyclisation and dehydration of the resultant
38 39unsaturated diol. For example ’ the treatment of
acrolein with magnesium and acetic acid afforded
2 .3-dihydro-5-vinylfuran (3 0).
CH =CH-CHO
CH, O ^  
(30)
Mg/CH^COgH
•h20
HO
c h?= ^ S dh
CH,
HO
CH2 '
One of the most widely studied reactions of the
2 ,3-dihydrofuran system is the facile rearrangement, under 
the action of heat or on ultraviolet irradiation, to 
cyclopropyl ketones and aldehydes. The isomerisation was
ft *i
first observed in 1947, by C.L. Wilson when formylcyclo­
propane was obtained by passing 2 ,3-dihydrofuran over broken 
oglass at 500 . Subsequently a number of authors have
reported the corresponding rearrangement of 2 ,3-dihydro-4-
-iiiethylfuran to the acetylcyclopropane isomer, by the action
C) h: 2of heat alone (450-473 ), by passing the vapour over 
broken quartz"^ at 475-500°, and by irradiation of an
ethereal solution of the dihydrofuran with a mercury arc
44 . 4 5lamp. Xn the preparation of 2 ,3-dihydro-4-methylfuran
19
by the dehydration of 3-acetylpropanoX over alumina at 
250~280o some acetylcyclopropane was obtained as a by-product, 
J, ¥iemann jet alia have made an extensive study of 
the rearrangement reactions of the 2,3“dihydro-2-propenyi- 
furans (31; Hx = Rj, = R3 = Me;46,47’48’49,50 Rx = Me, Rg = R3
= H;46,47,51,52,53,54,55 ^  = H> ^  = ^  ^  = Me and
R, = H, R„ = Me-CH-Me, R, = Me ). These authorsX  ^ J
50 51 52 53 54 35 report 1 ’ »-'>'»■«' the isoXation of the corresponding
R2
H, ______
<  * T ° "
(31)
cyclopropane isomers on passing the dihydrofuran (3 1 ;
R = Me, Rrt = R = XI) over zinc oxide^’ ^ ^  at 370-380°,X P ■
or by ultraviolet irradiation of the compound in 
54cycioliexane. * The reaction was not siereospecific, and 
four isomers (3 2),(3 3), (34), and (35) were obtained 51,52,53, 
3ii’55 from (31; R-, = Me, R_ = R0 = H).
1 dt J
20
W° hA HA
^H0 CHO
(33) (34) (35)
This, together with the fact that ultraviolet irradiation
5^ 55facilitated the reaction, led to the suggestion ’ of a 
free radical mechanism, involving homolytic fission of 
the vinyl ether bond in the dihydrofuran (3^), followed by 
the formation of the cyclopropane ring with the methyl and
Me^
°CR0
formyl substituents in the four possible conformations.
Further transformation products of the dihydrofurans (31; 
R± = Me, R2 = R3 = , k7 and = = =
in which the propenyl side-chain was involved have been 
reported. It was found that the action of heat on these
Me Me
Me.
~VJ
.0
(36)
21
compounds (3 1) in acetic aci d ^ * ^  or in iso-amylacetate in
48the presence of palladium on carbon* led to the production 
of the cyclopentene isomers (37; R^ = Me, R^ = = H ’ ^
and R, = R0 = R0^ ’^ . The suggested mechanism proceeded 
1 2 3
via the intermediate formation of the cyclopropane isomer•
R. R- R-
N/...X
(37)
The ease with which dihydrofurans undergo hydrolysis,
to the corresponding y-hydroxy ketone or aldehyde, offers
56 57a useful method for the synthesis of these compounds, *
Dihydrofurans have also been used in the synthesis of
57 58y-lacton.es, amino acids, the thiamine moiety of
5o -  80 6l 81vitamin B^, J polymers, ’ pesticides, and pharmaceutical
, . 6l,62,63products, ’ ’
Although not widely distributed, dihydrofuran 
derivatives are known to occur naturally; an example is
1-(2,3-dihydro~2-furyl)non-l-ene-3,5,7-triyne, which has
. 64been isolated from the roots of Chrysanthemum 1 er_canthemum.
22
C H A P T E R  2
THE ACTION OF CYANIDE ION 
OH k - CHLOROMETHYL- 3 , 5 - DIACETYL- 
• 1, 4-DIHYDRO-2,6-DIMETHYLPYRIDINI
23
The ring expansion of the 4-chloromethyl-l, 4-dihydro- 
pyridines (1; R = CO^Me, C02Et) to the 4-cyano-l,4-dihydro- 
azepines (2; R = C02Me, C02Et) has been d e s c r i b e d . ^ ^ ^ ^ ^ ’10*
N */'"‘'NMeMe Me •Me
(1) (2)
In the present work the diacetyl analogue (1; R =
COM o) (referred to henceforth as ’’the c h 1 or o me thy 1 compound”)
was treated at room temperature with aqueous ethanolic
potassium cyanide, and the expected ring expansion to the
4-cyano-l, 4r-dihydroazepine (2; R = COMe) was obtained.
The chloromethyl compound was prepared by the
condensation of 2-aminopent-2~ ene-4-one with chloroacetal-
3dehyde as described in the literature, except that dry
isopropanol was found to be a better solvent than benzene
for crystallization of the product. The spectral properties
of the chloromethyl compound were completely in accord with
the structure. The ultraviolet spectrum showed X 251max.
and 3^6 (log^s 4.2 0 and 3 *8 9), this being as expected^
24
for a 1,4-dihydropyridine. The infrared spectrum
(chloroform solution) revealed NH (3470 cm. ), CaO
"F ,,,
(1 6 7 0 cm," ), and C=C (1 6 2 0 cm,” ). The proton magnetic
resonance (p.m.r.) spectrum offered good confirmation of the 
structure. The NH proton gave a broad singlet at T 3.43, 
and the acetyl protons and the methyl protons gave singlets 
at T 7.64 and T 7.66 respectively. The methylene protons 
and the methine protons gave rise to a doublet at T 6.77 
(vT 7 *5 c/sec.) and a triplet at T 5 * 7 1 ( 7 . 5  c/sec.) 
respectively.
The product obtained from the reaction of the 
chloromethyl compound with potassium cyanide was shown 
to be the expected cyanodihydroazepine (3; R = COMe) 
by analysis and by its spectral properties. The ultra­
violet spectrum had X 249 and 353 mp.., (login£ 4.00 and
654.97), consistent with the 1 ,4-dihydroazepine structure,
and the infrared spectrum revealed Ml (3350 and 3300 cm.r^),
CN (2350 cm.”1), C=G (1 6 5 5 cm.”1), and C=C 
— 1(1 6 00 cm. ). The p.m.r. spectrum showed a broad singlet 
at T 3.95 (NH) and four singlets at T 7.65, 7.67, 7 .6 9 , 
and 7.74 assigned to the two acetyl and the two methyl 
groups. It was not possible to assign these four signals
25
to particular methyl or acetyl groups because of their
similar chemical shifts, but the appearance of four separate
signals indicated the assymetry of the molecule. The proton,
was couoled to H, (J , 6 c/sec.) but not to H and-a, b c
H H_ H
< r j *
*  / I V *
s
N -^Me Me/^ N
H
(4)
Me
gave a doublet at T 5.45. The zero coupling between H anda
6 13H in compounds of this type has been reported ’ for the o
dihydroazepines (3; R = CO^Et) and (4; R = CQ^Me) , and was
attributed to the dihedral angle between H and H beinga c
close to 90°. H, gave a double doublet at T 6.66b
(d, _ ^  c/sec0 and J 15 c/sec.) and H gave a doublet“*D, a ~*d , c c
at T 7,54 (J^ 15 c/sec.).
Thus it can be seen that in its reaction with 
potassium cyanide, the chloromethyl compound (1; R = CCXMe) 
behaved analogously to the chloromethyldihydropyridine 
esters (1; R = CO Me, CO Et).
26
E X P E R I M E N T A L  
SOME INTRODUCTORY NOTES MAY BE FOUND 
IN CHAPTER 6
27
Preparation of 4-cyano-3, 6-diac etyl-4, 5-ditiyd.ro-2, 7 - dime thy 1-
3
azepine (2 5 R = CQMe). ~ To tlie chlorometliyl compound 
( 1 ) ( 0 .5  go) in ethanol (5 0 ml.) was added potassium
cyanide (0.5 £•) in water (5 ml.). After one hour at
room temperaivore removal of the solvent under reduced 
pressure and washing the resultant semi-solid with water 
afforded the product as needles., m.p0 1 5 1°, after crystalliza­
tion from benzene, (Found: C, 67.2; H, 7.0; N, 11.9.
C13Hl6^2°2 r£^uires c» 6 7.2; H, 6.9; N, 12.1%); ^max 2^9 
and 353 mu.., (logir£ 4.00 and 4.97); ^ 3350 and 3300J-U max.
(NH), 2350 (CN) , 1655 ( 0 = 0 ), and 1600 cm. ^ (C=C) ; T 3.95
(s ; NH), 5.45 (d; J 6 c/sec.; H ), 6 .6 6  (dd; J. 6 c/sec.,“—a, d a —*b, a
c 15 c/sec.; H,0) ; 7.54 (d; J 15 c/sec.; H );
u  ^ *0 ^ D O
7.65, 7.67, 7 .6 9 , and 7.74 (all s; Me^).
28
C H A P T E R  3
THE ACTION OF WATER ON
4-CHLOROMETHYL-3,5-DIACETYL-1,k- 
-2,6-DIMETHYLPYRIDINE
DIHYDRO-
29
(i) INTRODUCTION
The red solution, formed by dissolving the chloro- 
raethyl compound (1) in water containing a small amount (10%)
MeOC
Me
H CHnCl / 2 .
COMe MeOC
M
'N /  
H
< i)
0^  CH ( COMe )
2)
of a solvent such as isopropanol or dioxan, slowly (standing 
at room temperature for at least 12 hr* was necessary) 
deposited colourless needles, having melting point 75-76° 
after repeated crystallization from dry isopropanol. The 
presence of nitrogen or chlorine in the product could not 
he detected by the usual chemical methods, and thus it was 
clear that extensive transformation of the chloromethyl 
compound had taken place. On the basis of spectral data 
and degradation products the compound was assigned the 
structure of 4~acetyl-2-diacetylmethyl-2,3-dihydro-5- 
me thy If ur an (2) (henceforth referred to as ,fthe dihydro fur an” ) .
The mother liquors from this experiment slowly 
(45 days at room temperature) deposited yellow needles of
melting point 189° after crystallization from isopropanol. 
This compound did not contain chlorine, and has been assigned 
the structure of 3i5“diacetyl-4— (2,2-diacetylethyl)-1,4- 
-dihydro-2,6-dimethylpyridine ( 3 ) (henceforth referred to 
as nthe tetra-acetyldihydropyridine”) on the basis of 
spectral data, a degradative product, derivatives, and 
mechanistic evidence.
The infereXationship o f  the compounds 
produced in this work is summarized 
in the flow diagram below. The dotted 
arrows indicate routes which were 
envisaged to account for the products, 
but were not proved.
MeOC
“Me
H
MeOC
Me""
h ci-: 
V
(MeCO)rtCH-CH= CH~CH(COMe)
CH(COMe)
MeOC
MeOC
COMe
MeOC
2 Me
CH(COMe)0
/ —  
H CH0v
_ XOMe
4%,
"Me \  %
I' 03 fic-
/ O '
J o
\
i t ^  03 
'
\
/ o \
MeOC
H CH
Me
Me^ ^  o
stjm \V
3 * X N -
MeOC
i cv
CH(COMe)„  ^ „„I d. + CH,
CHoCH0
dt
N-
Me Me-C
Mi0NHFh
“COMe
ae
Me' 'OH
Me 'IT
i
Ph
rIT -Me
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(ii) PHYSICAL EVIDENCE FOR THE STRUCTURE OF 
4-ACETYL-2-DIACETYLMETHYL-2 , 3-DIHYDRQ-5-METHYLFURAN
Analysis indicated an empirical formula of C12Hl6°4’
and mass spectrometry showed a parent ion at m/e 224,
confirming a molecular formula of C12Hl6°4*
The ultraviolet spectrum was in agreement with that
predicted for the dihydrofuran by the modified Woodward 
66rules, and the infrared spectrum was consistent with the 
proposed structure.
Me, OC
Me
e+f
In the 60 m.r. spectrum of the dihydrofuran
(4)( in CDCl^), the acetyl group (Me^) gave a sharp singlet
at T 7*83, whilst the methyl group (Me ) gave a somewhat
broadened signal at T 7.81. At 100 Uf ic. (CCl^ solution)
the latter signal was resolved into a triplet at T 7 * 5 7
with jJ = 1.5 c/sec. This coupling was slightly smaller
67than that (2 c/sec.) reported for the homoallylic coupling
33
between "the methylene protons and. the methyl p no tons of*
2,3-dihydro-z5r~ methyl fur an, and was ascribed to analogous 
coupling between H . and Me in (4), the magnitude being
C , u. g
reduced a little by the electron withdrawing acetyl 
substituent on C^.
The methylene protons (H and H ,) were non-equivalent,
Me. c a
and in the 60 m/e-. spectrum gave multiplefs centred around 
T 6.77 and T 7.46 respectively. These multiplets were 
resolved into double doublets of quartets at T 7.03 and 7.75 
in the 100 spectrum. The observed splitting comprised
the mutual coupling of 14.5 c/sec. between H and H,,
C Cl
and the coupling of each to H (J 9 . 7  c/sec., J ,a —c, a --a, a
7.2 c/sec.) and to Me (J 1.5? J j 1*5 c/sec.).g —c,g *“d,g
The methine proton (H ) gave a triple doublet at
M u  a Me.
T 4.78 in the 60 spectrum and at T 5*03 in the 100 -m/c
spectrum. This arose from coupling to the methylene
protons (coupling constants as discussed above) and to
H, (J 9.7 c/sec.). As the coupling constants J and
“ 8, D "—a , D
~a f were ecTual only six lines were observed, instead of the
theoretical eight lines for a proton coupled to three other
protons. The methine proton (H ) gave a doublet caused by13
34
The acetyl groups, e and f, were non-equivalent,
Me.
and in the 100 m/e-* spectrum gave singlets at T 7.44 and 7.47.
The non-equivalence of these two groups could be accounted
for in either of two ways.
Firstly, in the absence of any other evidence it
could be expected that the groups would be non-equivalent,
and thus show different chemical shifts, because of the
assymetry of C_. The effect of this can be demonstrated
by consideration of the rotamers formed about the C -C^ bond.
5 o
Two of these rotamers are shown in figure 1, conformations 
(a) and (b) being mutually interconvertible by rotation of Cg
COMe COMe
i &
COMe
(a) (b)
Fig. 1
through 120°. It can be seen that (a) when Me is between
g
C/t an<i 0t tben Me-. falls between 0 and H , but when (b) Mea f
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falls between and 0 then Me^ is between and H&, and
not between 0 and H . Thus, if non-bonded interactionsa
between the substituent groups on and Cg are significant 
then the two acetyl groups (f and g) must be non-equivalent 
and can be expected to show different chemical shifts, 
in spite of free rotation about the Cj_- Cg bond.
However, an alternative explanation of the non- 
-equivalence of the acetyl groups would be that there was 
restricted rotation about the bond due to hydrogen
bonding between one of the methylene protons and one of 
the acetyl groups.
The ability of the methylene protons to participate in 
hydrogen bonding was accounted for by the fact that they 
were members of an allylic methylene group and could thus 
exhibit some acidic character.
As the methylene group is in a planar ring, and is 
adjacent to a carbon carrying two different substituents, 
its two protons would be expected to show non-equivalence; 
however, the difference in chemical shifts (T 6.77 and 
7.^6) of these two protons was larger than that reported 
in the case of 2,3-dihydro-2,5-dimethy1-2-vinylfuran where 
hydrogen bonding was clearly absent. In the latter case
3 6
tlie signals caused by the ring methylene protons were not
separated into two distinct multiplets, but gave a broad
signal at T 7.51, Thus it was apparent that for one of
the methylene protons (H ) a downfield shift due to hydrogeno
bonding may well have been the cause of the larger difference 
in chemical shift observed.
The coupling constant (9*7 c/sec.) between and 
was somewhat larger than that usually observed between 
vicinal protons where free rotation about the carbon-carbon 
bond is possible, especially as the coupling cnnstant is 
normally decreased by electron withdrawing substituent groups 
(two acetyls and a vinyl ether in the case of the dihydro­
fur an). By application of the Karplus relationship the 
magnitude of the coupling constant suggested a trans
configuration for H and H, . From the Courtauld models,a b V
it could be seen that either a cis or a trans configuration
was possible, as illustrated on page 37, depending on which
of the two acetyls was hydrogen bonded to H , However,o
in the cis case, serious crowding was present between the 
Van der Waals envelopes of the ring oxygen and the free acetyl, 
and thus the trans configuration for and was probably 
favoured. In addition, the model illustrating the trans
i-Acetyi-2-diacetyimethyX-2,3-dihydro-5-methyIfuran 
showine: the trans conformation of H and XL „
4-AcetyX-2-diacetyimethyX-2,3-dihydro-5-methyIf uran 
showing the cis conformation of H and H „
relationship between protons H and H, also showed that the
* a D
methylene proton (H ), hydrogen bonded to an acetyl oxygenc
made a large dihedral angle with H&, whilst the methylene
proton made a small dihedral angle with H&. Thus, from
the ICarplus relationship it would be expected that the
coupling constant between H& and would be larger than the
coupling constant between H and H,. This was observed ina ci
the spectrum (J 9*7 c/sec*, J , 7*2 c/sec.). 
mmmSt, c —a, a.
Thus, the configuration of the dihydrofuran was as 
shown below.
Me.
/\
The p.rn.r. spectra of 1,3-diketones often show a 
significant contribution from the enolised form, the 
chelated hydroxyl proton giving rise to a low field singlet. 
However, in the spectrum of the dihydrofuran there was no
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evidence of any of the enolised form (5) being present. 
This can be taken as further evidence that one of the
MeOC
COMe
COMe
(5) (6)
acetyl groups was hydrogen bonded to one of the methylene 
protons, this removing the driving force for enolisation - 
attainment of the favourable six-membered chelate ring.
The absence of enolisation, in other words the 
absence of active hydrogen was demonstrated by showing that 
the n.m.r. signal from was not diminished by shaking the 
solution with deuterium oxide. However, the deuterio- 
diliyd.ro fur an (6) could be obtained by reacting deuterium 
oxide with the ch1oromethyl compound (1) in dioxan, and 
the 60 m/c. p.m.r. spectrum of this compound (in CDCl^) 
confirmed the assignments given above. In this the 
signals arising from the three acetyl groups, the methyl 
group and the methylene group were precisely as originally 
observed. The signal from was, of course, absent in the
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spectrum of (6), and the triple doublet from had collapsed 
to a double doublet, there being coupling only to the 
methylene protons (H and H , ) ( J 7*7 c/sec., J .
C Cl “"cl | C Tu  | CL
10 c/sec.), coupling to (now D) having been removed.
Shaking the deuteriochloroform solution of the 
deuteriodihydrofuran with water did not cause any change 
in the p.m.r. spectrum, and this confirmed the previous 
observation that the 1,3-diketone side-chain was not 
readily enolisable.
(iii) CHEMICAL EVIDENCE FOR THE STRUCTURE OF 4-ACETYL-3■ 
PI ACET YLMETHYL- 2, 3 - DIHYDRO - 5 -METHYLFURAN
H
"N-r
MeOC
Jl COMe
jI 'COMe
(7)
With anhydrous ferric chloride in dry methanol the
compound rapidly developed the red colouration characteristic
of a 1,3-diketone.
Pyrolysis of the dihydrofuran at 140° for 4,5 hr.
afforded, on cooling, a solid, shown, by t.l.c., to be a
mixture of starting material and a product having a larger
R-, than the starting material. The latter compound, 
om.p. 101-103 , was isolated by thick layer chromatography 
on silica-gel, and was assigned the isomeric structure 
3,6-diacetyi-2,7-dihydroxyocta-2,4,6-triene (8) on the 
basis of its composition, ^^2^16^4’ anc^  sPe°tra.
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Ac 0CH - CH*CH-CHAc
(8) (9)
The p.a.r, spectrum showed a sharp singlet at T -6.84 from 
the chelated hydroxyl protons, a singlet at T 3*92 assigned 
to the two equivalent olefinic protons, and a singlet at 
T 7.81 caused by the four methyl groups. No other signals 
were present and so no other tautomeric form, e.g. (9)i 
contributed to the structure. The reason for the compound 
existing exclusively in the form (8) was undoubtedly the 
inherent stability of the 6-membered conjugate-chelate 
rings and the fact that these were linked by a conjugated 
chain. The ultraviolet and infrared spectra were 
compatible with the structure (8).
The tentative mechanism proposed for the formation 
of (8) involves ring opening of the vinyl ether followed
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by tautomerism, as shown below.
Me
H
Me""l-U'
^ H 0
It
0'
Me 
!=d0 
Me
Me
HO
•Me
Me
Me
/ ° ~ \  / Q-. 
X  W  ch=ch-4 h
Vo7
Me
The dihydrofuran, on boiling with isopropanol-water 
(1:10) for 5 hr. afforded, on cooling, a low yield of 
yellow needles of m.p„ 124° (compound A). Continued 
boiling of the mother-liquors for a further 22 hr., 
followed by steam distillation afforded acetylacetone, 
identified as the copper chelate. The residue from the 
steam distillation was evaporated and molecular distillation
4%
of the remaining oil afforded clusters of needles, m.p.
75-76° (compound B).
The structure of compound A was shown to be
2,4-diacetyl-6-hydroxy-3»6-dimethylfulvene (10 )( henceforth
referred to as "the fulvene”) by comparison of the physical
15constants with the published data, and the preparation
of derivatives. Its formation from the dihydrofuran
had been envisaged, such a change being suggested by the
15rearrangement of azepine derivatives to fulvenes (see 
Chapter 3 (v)).
fulvene (11) reacted with phenylhydrazine affording a 
pyridazine derivative (12). Consequently, it was esqpected 
that the fulvene (10) should undergo an analogous reaction,
MeOC Me
LC0Me
(10)
It has been reported69 that 2, 4-diforiay 1-6-hydroxy-
h5
:H0
N-NHPh
(XX)
Ph
(12)
and indeed, with phenylhydrazine in ethanol, it gave the 
pyridazine (13) as yeXlow plates, m.p. 178° (decomp.).
Me
Jt  ^ ^-Me
M e ^ ^  N-^ 
i
Ph
(X3)
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Rather surprisingly this compound was found to be 
unstable, darkening rapidly at temperatures above 0°, and
incorrect analyses were obtained. However, after rapid
crystallization from dry ethanol the mass spectrum offered 
good confirmation of the formula, showing a molecular ion 
at m/e 368. The relative abundances found (P:P+l:P+2 = 
100:28.0 :3.56; (P+l)/(P+2) = 7.87) compared well with the 
theoretical values for (100:27.84:3*73; 7.45).
Moreover, the infrared spectrum of the derivative was in 
agreement with the proposed structure.
The acidity of the hydroxyl proton of the fulvene 
was demonstrated by the formation of a triethylamine 
salt (14), m.p. 109°. This structure was supported by 
its ultraviolet and infrared spectra, and the rapid 
hydrolysis to the fulvene when treated with dilute mineral 
acid." In the p.m.r* spectrum the NH proton gave an
MeOC Me
'COMe
Me^*> NEt
(14)
extremely broad signal centred around T -6.20 and the ring 
proton gave a singlet at T 2.44. The two acetyl groups 
gave rise to a singlet (T 7.31) as did the two methyl 
groups (T 7.45). The ethyl groups gave rise to the 
expected quartet at T 7.35 (from the three equivalent 
methylenes) and a triplet at T 8.92 (from the three 
equivalent methyls), the coupling constant being 7.7 c/sec.
The fulvene salt (14) was also obtained by treating 
the dihydrofuran with triethylamine in boiling xylene.
The other material (compound B), obtained by treatment
vit
of the -chioromethyl compound with water, was shown to be
3,3-diacetylpropionaldehyde by analysis, by the spectral
data, and by an alternative synthesis (see Chapter 4).
Thus the analysis and mass spectrum showed that compound B
had the molecular formula and the mass spectral
fragmentation pattern indicated loss of CH^, OH, H^O, CO,
COH, HgO + CH^, CH^CO and/or CHgCHO, and CH^CO accompanied
by gain of H. The details are shown in Table 1.
/Me,
The 60 spectrum of the compound (in CDCl^)
was of interest as it revealed that three tautomeric forms 
were in equilibrium in the solution. The spectrum
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Table 1
m/ e
144 (P+2) 
143 (P+l) 
142 (P) 
127 
125 
124
°/o
0.06
0.80
4.40
0.25
0.40
0.40
ci/e
114
113
100
99
%
9.5
15
9.0
2.3
43 (Base) 100
(reproduced on page 5 0) which was obtained from a new
solution of* the material, freshly crystallized from
cyclohexane, showed that the forms (15) and (16) were
present initially. In the free aldehyde form (15) the
enol proton (H ) gave a sharp singlet at T -6.93* and the a
Me
H )— -CH,
Me
A cl \ Jl »
<Hb*
a
(15) (16)
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aldehyde proton (H^), coupled to the methylene protons
^*7 c/sec,), afforded a triplet at T 0.32. Th^
C “*D j c
methylene protons gave rise to a doublet (coupled to
vJ as above) at T 6.64. Superimposed on this spectrum were
the signals caused by the hemiacetal tautomer (16). The
methine proton (E^,) gave a double doublet caused by
coupling to the methylene protons (H f and H , ), the
C1 2
coupling constants being 7.5 and 8.0 c/sec. and the hydroxyl 
proton (H&t) afforded a broad singlet at T 5.23. It was 
of interest to note that in a spectrum run on a particularly 
pure sample the latter signal appeared as a doublet 
(J.a» 7 c/sec.) caused by coupling to Hfef . The signal
given by H, . was correspondingly complicated, by coupling
D
to the hydroxyl proton, and appeared as an unresolved 
multiplet. This spectrum has been reproduced on page 51.
The methylene protons in the hemiacetal 
tautomer (l6) gave an unresolved multiplet at T 7.02 
(cf. the p.m.r. spectrum of the dihydrofuran) the coupling 
comprising geminal coupling (between each other), vicinal 
coupling (with Hfcf), and homoallylic coupling (with the 
ring methyl). The methyl protons gave singlets at T 7.78, 
7.83 and 7.94, the signal at 7.83 being broadened by the
50
P.m.r. spectrum of freshly prepared CDCl^ solution of
compound B .
10
10 T
\
P.m.r. spectrum of CDC1 solution of compound B, 172 minutes
after dissolution
10
10 T
51
P.m.r. spectrum of freshly prepared CDCl^ solution of 
compound B showing coupling between the OH proton and 
• the methine proton of the hemiacetal form.
10
10 T
P.m.r. spectrum of deuterated compound B, CDCl^ solution.
10
/ bW~
“tr- 
10 T
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homallylic coupling with the ring methylene protons.
By comparison of the areas of the two different 
OH signals (or of the aldehyde signal and the signal 
caused by «b.> it could be seen that the tautomeric mixture 
in the freshly prepared solution contained 50%  of each 
isomer.
When the deuteriochloroform solution of the compound 
was allowed to age the two superimposed spectra from the 
tautomers (15) and (16) were diminished in intensity, 
and were replaced by signals from a third tautomer. The 
spectrum of a solution 172 minutes after preparation is 
reproduced on page 50 . The third tautomer was assigned 
the non-enolised structure (17). The aldehyde proton (H^) 
gave a singlet at T 0.2(t, no splitting by the methylene
0
,CH
Me
(17)
protons (H_) being observed. This is unusual, although
X
coupling of an aldehydic proton to oc-protons, when observed,
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is small, and in the present case is evidently too small
for detection. The possibility of the aldehyde oxygen
participating in hydrogen bonding with the methine proton
(H ) was considered as this might have given rise to
dihedral angles, between and each of the methylene
protons (H^), of close to 90°* There would then
undoubtedly be no appreciable coupling. However, this
explanation was rejected as, from a Courtauld model,
illustrated on page $ k  , it could be seen that hydrogen
bonding was unlikely because the aldehyde oxygen could not
approach quite close enough to H . This was in agreemento
with the general observation that hydrogen bonding giving
rise to five-membered chelate rings is rare.
The methylene protons (H^) gave a doublet, at
T 6.96, caused by coupling to H (J_ 7*5 c/sec.), ande 1 "i, e
the methine proton (H ) gave the expected triplet at T 5.80e
(«Je g  as above). The acetyl protons gave a singlet at
t 7.73.
After 172 minutes the relative areas of the signals
remained constant, and, from the ratio of the areas of the
signals from the methine proton (H )(area 12 units) of
€
structure (17) and the methylene protons (area 12 units) of
5^
3,3-Diacetylpropionaldehyde, showing the closest approach of
the a ldehy.de oxygen to „
\-4 c y
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structure (15) it could be seen that at equilibrium the 
ratio of the concentration of species (15) to that of 
species (17) was 1:2. As the interconversion of species
(15) and (16) was rapid, and the ratio of the amounts of
(15) and (16) in the initial mixture was 1:1, it followed 
that at final equilibrium the relative amounts present 
were [15]:[16]:[17] = 1:1:2, where [x] = the concentration 
of species (x) in the mixture.
When the deuteriochloroform solution of the final 
equilibrium mixture was evaporated to d r y n e s s  and the 
resultant solid was redissolved in deuteriochloroform, the 
initial tautomeric mixture of (15) and (16) was observed, the 
free heto form (17) again becoming predominant as the 
solution aged.
In a further experiment a freshly crystallized
sample of compound B was left in contact with deuterium
oxide overnight. The mixture was then extracted with
deuteriochloroform and the p.m.r. spectrum determined. In
this spectrum (reproduced on page ) the signals due
to the enol protons, (H ) and (H .), and the methine protona a
(H ) had vanished, and the signal caused by the methylene e
protons (H~) had collapsed to a singlet, there no longer
X
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being a hydrogen at e. The persistence of the singlet 
at T 0.24 confirmed the validity of the assignment of 
this signal to an aldehyde proton. If it had been an enol 
proton the signal would certainly have diminished or 
vanished as a result of replacement by deuterium.
Furthermore, it was clear that this proton was not 
involved in exchange when interconversion took place 
between the three tautomers, the only protons involved 
being the OH protons of species (15) and (16), and the 
methine proton of species (17), as shown below, where
Me
0
/
if
\0 Me
Me
Is
CH2CH0
H
° A ) l f
(16)
(17)
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H3* represents the proton which could be exchanged with 
deuterium.
Thus it could be seen that the pure crystalline
compound existed as one, or both, of the tautomers (15) and
(l6) and rapidly set up an equilibrium mixture of (15) and
(l6) on dissolution in deuteriochloroform. A slow,
reversible transformation to a predominance of species (17)
then took place.
An examination of the infrared spectra, illustrated
on page 58 , of a chloroform solution of compound B
confirmed the deductions made from the p.m.r. spectra.
Initial equilibrium between the tautomers (15) and (16)
— 1afforded absorbances at 3680 (free OH) and 3500 cm.
(chelated OH) these bands becoming less intense as the
solution aged, consistent with reduction of the concentration
of (15) and (16). The aldehyde bands at 285O, 2740, and 
— 1I36O era. increased in intensity, whilst in the carbonyl
region the broad conjugate chelate 1,3-diketone band at
1600 era. ^ diminished and the free aldehyde and ketone
-1bands at 1715 and 1700 cm. increased in intensity. These 
changes were consistent with an increase in the concentration 
of (17) at the expense; of (15) and (l6).
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Infrared spectrum of freshly prepared CDCl^ solution
of compound B .
800 cm20005000
Infrared' spectrum of CHC1 solution of compound B, 50 hr.
after dissolution
800 cm20005000
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Although the solution spectra provided information 
concerning the composition of the material when in solution 
it was not possible to determine from them which of (19) 
and (l6) was present in the solid state. Indeed, from 
these spectra both isomers could have existed in the solid, 
although this was regarded as unlikely as the material had 
a definite melting point and crystalline form.
The infrared spectrum of the solid material
(nujol mull) contained features which could have originated
-1from either (15) or (16). Broad bands at 3250 cm.
(hydrogen bonded OH) and 1590 cm. ^ (hydrogen bonded C=0) 
could have arisen from (15), but were also possible with
(l6), originating from the hydroxyl and acetyl groups, 
intermolecularly hydrogen bonded.
In the aldehyde region a very weak shoulder existed 
-1at 2750 cm. , but this region was obscured by the OH band 
and the strong CH absorption given by the nujol. Thus it 
was not possible, on this evidence alone, to decide 
unequivocally whether free aldehyde absorption was being 
observed. However, although the aldehyde absorption 
1440-1325 cm.-"*' is regarded as of limited assignment value, 
examination of this region afforded evidence in favour of
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(16). The region contained two bands, of medium intensity,
at 1^50 and 13^5 cm» ^ superimposed on the usual nujol
spectrum. These bands were present in the solution spectra
together with an additional one at 1360 cm.~^ which was
assigned to the aldehyde: this assignment was confirmed by
the increase in intensity of the band as the solution aged,
— 1the bands at 1450 and 13^5 cm. remaining unchanged.
The absence of a band at 1360 cm. ^ in the spectrum of the 
solid material was regarded as evidence in favour of (16).
In the carbonyl region a weak shoulder at I69O cm. ^ 
could have arisen from aldehyde absorption, but could equally 
well have been caused by the free acetyl carbonyl in a 
small amount of unassociated (16). The weakness of the 
signal favoured the latter assignment.
Further evidence in favour of (16) was provided 
by a strong band at 1230 c m . a s s i g n e d  to the vinyl ether 
group, although this band is normally regarded as of limited 
assignment value. Unfortunately it was not possible to 
observe this band in the solution spectra as chloroform 
absorbs strongly in this region* Perhaps use of other 
solvents would afford further evidence here, as the band 
should diminish in intensity as the solution ages.
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The conclusion that the solid tautomer was most
likely the hemiacetal (16) was in agreement with general
experience as low molecular weight substituted acetylacetones
are liquids (e.g. 3-allylpentane~2,4-dione), compatible
with the absence of intermolecular association. This is
also true of simple substituted dihydrofurans (e.g. 2,3-dihydro
40-2,5-dimethyl-2-propenylfuran ) but in the present case the 
evidence indicates almost complete association of the 
compound via intermolecular hydrogen bonding, and an 
increase in melting point would follow.
A necessity of the observed tautomerism of the 
compound in solution is that (15) and (16) are interconver­
tible without passing through the free keto form (17), 
otherwise (17) would be present in a freshly prepared 
solution. A possible scheme by which this could take
place is illustrated on page 6b B  . It must be supposed
that the intermediates (l6a) and l6b) have only a very low
standing concentration as no signals attributable to them
appeared in the p.m.r. spectra.
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W ____
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 ^o '^ 'rfe  o ^ 'hOn)
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1
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Me If
H
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The ultraviolet spectrum of* a freshly prepared 
ethanol solution of* compound B showed an absorption maximum 
at 274 mji. (log10£ f^c.02), this being in agreement with the 
proposed initial equilibrium between types (15) and (l6), 
both of* which contain the chromophore 0-C=C-C=0. As the 
solution aged the extinction coefficient decreased, and 
reached a minimum value of log^e 3.59 after 72 hr., when 
equilibrium between the three tautomers had been established. 
The decrease in the extinction coefficient was compatible 
with a diminution in the proportion of the species 
containing a double bond, conjugated to one of the acetyl 
carbonyls.
(iv) THE MECHANISM OF THE REARRANGEMENT OF -ACETYL-2-
DIACETYLMETHYL-2. 3 -DIHYDRO- 5 -METHYLFURAN TO 2. k -DIACETYL-6-
HYD ROXY-3 . 6 - D 1MBTH YLFULVENE
A tentative mechanism for the conversion of a
lH-azepine derivative (18) to a 6-aminofulvene derivative
15(19) has been proposed and is reproduced below. The 
overall driving force suggested was the gain in aromatic 
stability.
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It is possible to envisage a similar mechanism for 
the rearrangement of the dihydrofuran to the fulvene 
through a ring expansion to an oxepine derivative (20), as 
depicted below*
o
Me 0
OH*
COMe
COMe
OH
KeOC y  \ COMe
Me
i
COMe
OMe
OH
COMeMeOC
Me
\
MeOC \/ y  COMe-L Xo Me
(20)
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Then the same sequence of steps as suggested in 
the case of the lH-azepine derivative would afford the 
fulvene (21).
COMe Me
COMe
COMe Me
COMe
MeOC Me
X
T
/
COMe
Me OH
(21)
COMe
Me
'Me
COMe
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(v) THE MECHANISM OF THE REARRANGEMENT OF 4-CHLORO-
METHYL- 3 f 5 - PI A CET YL-1, 4 - DIHYDRO -2,6 - DIMBTHYLP YRIDXNE TO 4~
ACETYL- 2 "DIACETYLMETHYL- 2.3 - DIHYDRO - 5 -METHYLFURAN
The ring expansion of 4-chloromethyl-l,4-dihydro~
pyridines to azepine derivatives has been well established
and has been reviewed in Chapter 1 (i). In particular the
formation of the sulphur bridged azepine (22) by the action
of potassium hydrogen sulphide on the 4-chloromethyl-l,-
H CH2C1
!fe°2CvT\.C0.fe MS02C ^ X ^ C 0 2Me
Me^\
(23)
4-dihydropyridine (23) is of interest as having some 
bearing upon details of the rearrangement of the 
chlor©methyl compound to the dihydrofuran.
The mechanism proposed"^ ’^  for the formation of 
the sulphur bridged azepine (22) proceeded via the anion 
(24) which eliminated chloride ion to form the azepine (25)* 
Addition of hydrogen sulphide ion afforded the azepine 
anion (26), tautomeric with (27) which underwent internal
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Michael addition to afford the product.
H CH2C1
MeOgC
Me
COgMe
N ^ M e
K
B
/a
H CH2 -- 01
Me02CN ^ ^ jC°''Me
V
m )
N/
SH
V
MeO.C
£ X I ,C02Me <rMe^^N^Sie 
(26)
SK~>
MeOgC. C02Me
N ‘^ KMe
4
MeOgC / ^ C 0 2Me
N *x^Me 
H
K e o 2c _ A r y  c ° 2 Me
H
(27)
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By an analogous scheme it ¥as considered possible 
that the chloromethyl compound (28), on treatment with water, 
gave rise to the oxygen bridged azepine intermediate (29)? 
which, by hydrolysis and loss of water afforded the 
dihydrofuran (30).
Me 00
H CH-C1/
^COMe
''^Me
K
(28)
MeOC
Me
y1TYC0M<
H 
(29)
MeOC
y ~
Me ^  0 / ^ CH (C0Me)
(30)
MeOC
Me-
0
OH OH
iOMe
Me
The treatment of the chloromethyl compound (28) 
with deuterium oxide-dioxan (9il) afforded the deuterio— 
dihydrofuran (31), the p.m.r. spectrum of which has been
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MeOC H
Me CD(COMe)
(31)
discussed in Chapter 3 (ii). The appearance of* this 
specifically mono-deuterated compound could be regarded as 
evidence in favour of the above mechanism which predicts 
only the observed deuteration.
azepine intermediate.(29) could be formed is uncertain and 
of the several possibilities discussed below none are 
completely satisfactory.
bridged azepine (22) suggested that incipient ionisatinn to
(32) could be followed by ring expansion, accompanied by 
loss of chloride ion, affording the azepine (33)• Addition 
of water (or hydroxyl ion) could then lead to a hydroxyazepine, 
or its anion (3^), tautomeric with (35) which could undergo 
internal Michael addition to give the o x y g e n  bridged 
azepine (29).
The precise mechanism by which the oxygen bridged
Direct analogy with the formation of the sulphur
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H CHo01
1 1Me^' N "Me
H
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OH
R R
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n  Me
(34)
-H+____
H2°
<e
H CH2 -Zci
R
Me'
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e
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(32)
i
O
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H
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R ~ COMe
I
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i
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Hardly supporting the above suggestions was the 
fact that the dihydropyridines (36; R = Co^Me)
(36; R = COPIi) were unaffected by heating with isopropanol- 
-water.
Me
H
(36)
If the formation of the anion (32) was a correct 
postulate then the diester and dibenzoyl analogues would 
be ejected to afford similar anions even more readily as 
they may be stabilized by more extensive delocalisation 
than is possible in the diacetyl case. Resonance of the 
diester anion is shown in (37), (38), and (39)• a similar 
scheme, involving the aromatic pi-electrons, is possible 
for the dibenzoyl anion.
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CH d'p+ Me
t d> fjMe
MeO_C
NMe’>ie
(37) (39)
(3B)
Now, kinetic evidence has been presented showing 
that in the rearrangement of the dihydropyridine (36;-R = CO^Et) 
effected by cyanide ion the rate determining step was the 
formation of the anion (40) which rapidly lost a chloride 
ion and rearranged to the cyanodihydroazepine (41)*
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H CH2C1
Et02C Et02C
CN
C02Et
Me Me
H
(40) (U)
This can be regarded as evidence that the anions derived 
from (36; R = COgMe) and (36; R = COPh) were not formed 
when the dihydropyridines were dissolved in aqueous 
solvents as, if they were, subsequent rapid steps leading 
to rearranged products would probably have taken place.
Since the above anions were evidently not formed, 
it would seem very unlikely that the diacetyl anion (32) 
could arise, and therefore, if the route (28) — (29) —^ (3®) 
is to be accepted an alternative method of forming the 
oxygen bridged azepine intermediate (29) must be found.
Now, in the rearrangement of the dihydropyridine 
(4la) to the cyanodihydroazepine (4lb) the possibility of 
the reaction proceeding via the azacaradiene (4lc) was
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10not definitely excluded, and evidence for the reality
H CH0 Cl
\ > &
S t 0 2C zEt
M e ^ ^ N ^  He 
H
Et02C C02Et
(4la) (4lc)
Me0oC.
H CH2C1
Me^ N Me
I
Me
w
Et02C ^  \jC02Et
Me-^- N
(4ld) (4lb)
12of this mechanism has been presented in the case of the 
N-methyldxhydropyridine (4ld) where initial abstraction of 
a proton from the amino group is clearly impossible. The 
published work on the reaction of (4ld) with cyanide ion 
has been reviewed in Chapter 1 (i).
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In the present case of compound (28) it is possible, 
in the absence of ionisation of the N-H bond, that the 
rearrangement of (^lf) proceeded via a similar mechanism 
involving the azacaradiene (4lg ) # Initiation would be 
by ionisation of the C-Cl bond in water. Attack of water 
could then give the hydroxydihydroazepine (^lh). After 
this stage there would be three possible routes leading to 
the dihydrofuran.
MeOC
Me' ^  N ' "'‘Me 
H
H CH2^  Cl 
COMe
H
MeOC JOMe
(4lf)
MeOC
N T M e
COMe
(4lg)i
OH
MeOC / \  jCOMe
1  I
(41i) (4lh)
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The oxygen bridged azepine (%-li) may be involved, 
the dihydrofuran then arising as previously discussed, or, 
alternatively, there may be hydrolysis of the hydroxydihydro- 
azepine to the open chain intermediate (%lj) which yields 
the product by ring closure.
OH
MeOC COMe
Me'
H
MeOC COMe
OH OH
MeOC
he- CH(COMe)
V
MeOC
Me-'-'SjH cSfhcH(COUe)
I
I
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Of these two possibilities it was felt that the 
former one would have been the most likely as hydrolysis 
of the oxygen bridged intermediate (4li) would be facilitated
withdrawing inductive effects of the oxygen and nitrogen
probably be somewhat strained (see later), and hydrolysis, 
leading to ring opening, would relieve the strain. The 
hydrolysis of the hydroxydihydroazepine to (4l^), whilst 
being a reasonable possibility, was felt to be less likely 
as there would be no driving force due to relief of strain; 
furthermore, the cyanoazepine (4lja), prepared in aqueous 
medium, did not show any marked tendency to undergo 
hydrolysis.
by an electron deficiency on caused by the electron
atoms. Furthermore, the azepine ring in (4li) would
CN
\
MeOC
H
(4lja)
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An alternative way in which the oxygen bridged 
azepine could undergo hydrolysis is for the approaching 
water molecule to attack the carbonyl group as shown in 
(4ljb)* This mechanism offers relief of strain by the
Me
M / N N T  Me *0Ho 
H 2
Me
OH
m
MeOC
Me 0 -^CH(COMe)
y
MeOC 
HO
H
o^^CHCCOMe)
opening of the bridged azepine ring. It seems preferable 
to the route involving attack of water on because the
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approach to the carbonyl carbon would probably be less 
hindered. In addition, the carbonyl carbon would most 
likely be more electron deficient than
Objections, similar to those cited for the mechanisms 
discussed earlier may be raised against the first two of 
these routes, namely, the lack of explanation for the fact 
that the diester and dibenzoyl analogues do not undergo 
the transformation. However, the second route, involving 
nucleophilic addition to the carbonyl group, would offer an 
explanation of why the diester and dibenzoyl analogues do 
not rearrange: ester groups do not undergo some of the
nucleophilic addition reactions typical of aliphatic 
carbonyl groups and aromatic ketones show a marked reduction 
of reactivity to nucleophiles.^51
Further mechanisms involving addition to the 
carbonyl group may be envisaged. For instance, ionisation 
of the C-Cl bond, leading to the cation (4lk), might be 
followed by a rearrangement, but the product would be the 
dihydrofuran { 4lm), as shown below, and this is not formed.
8l
MeOC
H fen ,0
■ r/'\ 'L
M e ' ^  N ^  M« 
H
MeOC
Me
Me
H
(4lk) H 2°
Nk
I4eOC ,CH(CGMe) „W
<r~
0 ^  
(4lm)
MeOC
H 7—  0
^ 'Me
0 ^ ^MeOC^^ji ~ 'Me
A further possibility can be envisaged involving the 
azacaradiene (4ln) [or its conjugate acid (4lp)] which does 
give the observed product.
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Me
MeMe
Me
Me
OH
R
Me 0 CHR
(4 In)
Me
H
(4lp)
R = COMe
Me
■Me
OH
OH
MeMe'
OH OH
‘Me
OH
It may be noted that the formation of the raono- 
deuterated dihydrofuran (31), on treatment of the 
dihydropyridine (28) with deuterium oxide is compatible
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with all of the above proposed mechanisms.
The sulphur bridged azepine (41q) was found to be 
unreactive to water under the conditions employed for the 
preparation of the dihydrofuran. If (4lq) had undergone 
hydrolysis to the dihydrothiophen (4lr), an analogy would 
have been provided for a mechanism involving the oxygen bridged
MeOC
MeOC •OMe
Me-
S-^CH(COMe)2
(4lq) (4lr)
azepine (29)# Alternatively, formation of the thioketo-r 
dihydrofuran (4ls) would have been evidence in favour of the
Me
^ S n
Me-- 'CH( COMe) ^
(4ls)
mechanism involving (4ljb). The absence of either reaction
84
could be regarded as evidence against an oxygen-bridged
azepine intermediate in the rearrangement of (28), but
it could be somewhat misleading as it is possible to rationalize
less susceptible to nucleophilic attack as they would be
less electron deficient than in the oxygen bridged analogue
(sulphur is less electronegative than oxygen). Furthermore,
as sulphur has a larger covalent radius (1.04 A) than oxygen
(0.74 A), the sulphur bridged azepine (4lq) is less strained
than the postulated oxygen bridged intermediate. Evidence
14
f o r  strain in the azepine ring has been presented for the 
nitrogen bridged compound (4lt; R «= CH^Ph), and, as the 
covalent radius of nitrogen is the same as that of oxygen, 
it would be reasonable to expect some strain in the azepine 
ring of (29).
Thus, in (4lq), C_ and C. would be
H
(4lt)
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In attempts to prepare the NH bridged azepine
9 I k(4lt; R  = H) it has been reported ’ that the products
of the reaction were the pyrrole (k lu) and methyl acetoacetate
1%The mechanism proposed .. involved formation of the NH 
bridged azepine (not isolated), opening of the azepine ring 
to form an intermediate dihydropyrrole (not isolated) and 
elimination of methyl 3-aminocrotonate (subsequently 
hydrolysed to methyl crotonate) to form the pyrrole { k i n ) f 
Probably the driving force for the elimination of the methyl
H H
MeO„C SCO Me MeC.C 4>-  ^ H
Me
l - ^ T C02Me
Me-C(NH2)=CHC02Me +
C0oMe
*e
H
( k i n )
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3-aainocrotonate side-chain was the attainment of aromaticity
by the pyrrole nucleus. The foregoing can be said to
support an oxygen bridged intermediate in the formation of
the dihydrofuran. Analogy does not suggest that a furan
should necessarily be the final product, however. The
driving force for elimination of the 1,3-diketone side-chain
to give a furan would not be so strong because the resonance
energy of furan is only 23 kcal./mole compared with 31 F o r  
7 0pyrrole. However, the dihydrofuran cannot in fact be formed 
from the oxygen bridged azepine by a route similar to that 
leading to (4lu) because, if it was, a diester dihydrofuran 
should have been obtained by treatment of the diester 
dihydropyridine (36; R = CO^Me) with isopropanol-water«
Thus, a variety of routes, summarized on page 90 
can be' proposed for the conversion of the chloromethyl 
compound into the dihydrofuran. Although the available 
evidence does not lead to any firm conclusions about which 
mechanism is valid, it does point to the fact that a 
fundamental difference exists between the diacetyl and diester 
dihydropyridines. Therefore it would seem a good 
possibility that one of the routes involving addition to the 
carbonyl group is the correct one.
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Further experimental work can be envisaged to 
elucidate the problem* For instance, treatment of* the 
dihydropyridine (4lv) with water would afford the
Cl
COMe
EtEh
K
EtOgC^
Me- 0
COgEt
COEt
(4lv) (4lw)
dihydrofuran (4lw) if one of the. mechanisms involving 
addition to the carbonyl double bond is involved, whilst 
the other mechanisms would be expected to lead to the 
dihydr o fura n (4Ix).
MeOC
Me
02Et
COEt
(4lx)
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It is possible that hydrolysis of the nitrogen 
14
bridged azepine (4ly; = CH^Ph, =? CO^Me) might offer
further information: production of the dihydropyrrole (*tlz)
can be envisaged. Alternatively the ketoester side-chain 
could be eliminated because of the consequential overall 
gain in aromatic stability. If this took place it would be
H
Me
(4iz)
evidence that addition to the carbonyl double-bond is not 
a necessity provided the bridged azepine structure can 
be reached. If the corresponding diacetyl compound 
(4ly; = CHgPh, = COMe) could be made, hydrolysis
of this would be of interest because mechanisms involving 
addition to the carbonyl group would lead to a dihydrofuran, 
whilst a route via opening of the azepine ring would lead 
to a dihydropyrrole. Again the use of unsymmetrically
substituted compounds (4ly; the 2Rg different, = CHgPh)
could be informative.
In an attempt to follow the hydrolysis of the
chloromethyl compound spectroscopically a solution of the
compound in ethanol-water (1:9) was examined at intervals.
It was found that the spectrum changed smoothly from that
of the chloromethyl compound(X 251 and 3^6 mu.) to thatmax.
of the dihydrofuran ^75 mji.) without the appearance'
of any other bands attributable to intermediates. Thus 
it would seem likely that any intermediates formed were 
of a highly reactive nature and did not exist in any 
appreciable standing concentration.
Summary or 
of the chlo
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(vi) PHYSICAL EVIDENCE FOR THE STRUCTURE OF 3«5-DXACSTYL- 
-4-(2,2-DIACETYLETHYL)-1,4-PIHYDRO-2.6-DIMET liYLPYRIPINE
COMee
CH
MeOC
N ^ F l e
H
Me
(42)
Analysis of* the compound afforded the empirical
formula of C^H^NQ^.
The ultraviolet spectrum (in ethanol) was
consistent^ with the dihydropyridine structure. A slight
shoulder at ca. 275 rap,, showed a bathochromic shift in 0.IN’
71ethanolic sodium hydroxide, this being typical of a 
1,3-dicarbonyl tautomeric system. The infrared spectrum 
showed the expected maxima.
In the p.m.r. spectrum the NH proton gave rise 
to a singlet at T 3.73; H , split by the methylene protons
a
(3_ 7 c/sec.) afforded a triplet at T 6.08; H_, split by
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the methylene protons (J. 7 c/sec.) afforded a triplet at
“ t S
T and the methylene protons appeared as the expected
triplet, caused by coupling to and (coupling constants 
as above), at T 8.25. The three pairs of equivalent 
methyls gave signals at T 7.65 (Me ,), 7.70 (Me «), and
C 9 Q 6 1 X
7.87 (Me *). '
There was no detectable contribution, in the
p.m.r. spectrum, from the enolised 1,3-diketone structure,
72this being in agreement with the published results that 
substituted acetylacetones only show a significant 
contribution from the enol tautomer if the substituent 
group is un-branched.
(vii) CHEMICAL EVIDENCE FOR THE STRUCTURE OF 3, 5-DIACETYL-4- 
“( 2 » 2~DIACETYLETHYL) - 1 , DIHYDRO-2,6-DIMETHYLPYRIDINE
with anhydrous ferric chloride in dry methanol, typical of
a 1,3-diketone. Further evidence for the 1,3-diketone was
the formation of an amorphous compound, thought to be the
copper chelate, but which had indefinite composition and
melting point and proved to be too unstable to characterise.
With hydroxylamine the tetra-acetyl compound
formed the expected dioxime (43)# The ultraviolet spectrum
65of this was consistent with the dihydropyridine structure,
The tetra-acetyl compound (42) formed a red colour
NOH NOH
d O— N
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as also was the infrared spectrum, in which the absence of 
bands at 1720 and 1694 cm. ^ confirmed that the 1,3-diketone 
side-chain had reacted. The mass spectrum did not show a 
parent ion, but showed ready loss of hydroxylamine, the 
fragmentation then being as for the iso-oxazole (44).
The latter was then prepared by pyrolysis of the 
dioxime (43) at 200° for 5 minutes. The ultraviolet and 
infrared spectra were consistent with an iso-oxazole structure, 
in particular the absence of a band attributable t6 NOH 
indicated that cyclisation had occurred. The mass spectrum 
showed loss of the trimethyliso-oxazole moiety followed by 
loss of acetyl and methyl from the residue, each scission 
giving rise to the appropriate metastable peak.
On heating the tetra-acetyl compound with h% 
aqueous sodium hydroxide tie so-called "ketonic hydrolysis" 
reaction of 1,3-dicarbonyl compounds afforded the triacetyl 
compound (45).
NOH
CH, CIM COMe
MeOC . COMe
Me
H
MeOC COMe
N
H
Me
(4-5) (46)
1
1(
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The structure of this compound was confirmed by
analysis, by its spectral properties and by formation
of the mono-oxime (46). The ultraviolet and infrared
spectra of the triketone (45) were in agreement with the
proposed structure, and the appearance of only one band in 
-1the 1700 cm. region indicated that the 1,3-diketone
group had been replaced by a single acyclic carbonyl group.
The p.m.r. spectrum afforded good confirmation
of the structure and showed a singlet at T 3.35, assigned
to the NH proton. The two ring acetyl groups and the
two ring methyl groups afforded singlets at 7.68 and 7.70
respectively, and the side chain acetyl gave a singlet at
T 7.90. The coupling between the ring methine proton (H )a
and the methylene protons (H. ) was the same as the coupling
between the two sets of methylene protons (H, ) and (H )(J ,b c —a,b
7 c/sec., J, 7 c/sec.). The signals observed were a •—b, c
triplet at T 6.02 for and a quartet at T 8.5O for H^.
The coupling of these protons was confirmed by irradiation 
at T 8.50 which caused the triplet at T 6.02 to collapse to 
a singlet. Conversely when the signal at T 6.02 was 
irradiated the quartet at T 8.50 collapsed to a triplet as 
it was still coupled to the methylene protons (H^)• The
|
■
!j1
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1:3:3:1 quartet caused by the methylene protons (H^) was 
obscured by the methyl signals. However, the two outside 
signals of the quartet could be seen and the chemical 
shift estimated as T 7.67.
and the structure from which they arose was obtained by 
the reaction of the tetra-acetyl compound with h %  sodium 
deuteroxide in deuterium oxide. The p.m.r. spectrum of 
the product showed that the deuterated triketone (47) was 
formed.
gave a singlet at T 7.70, confirming the assignments of the 
two downfield methyl signals in the spectrum of the fully 
protonated triketone (45). The absence of signals 
corresponding to the NH proton and the three acetyl groups
Further evidence for the assignments given aboye
h (d )c h2c d2cocd
XGCD„
(47)
The methyl protons had survived unchanged, and
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agreed with prediction as these would be expected to give 
facile exchange in the alkaline reaction mixture. The 
surviving methylene protons gave a signal at T 8.50 of area 
33 units, and a signal at T 6.05 of area 13-5 units was 
assigned to the ring methine proton, diminished by partial 
deuteration. The multiplicities of these signals confirmed 
the assignments: the ring methine proton signal was a
triplet (J 7 c/sec.) and the methylene proton signal was a 
doublet (_J 7 c/sec.) which showed evidence of a superimposed 
singlet derived from the species in which the ring methine 
had become deuterated.
(viii) THE MECHANISM OF THE FORMATION OF 3. 5-PIACETYL-4- 
(2. 2-DIACETYLETHYL)-1, 4-DIHYDRO-2. 6-DIMETHYLPYRIDINE
MeOC
H CIi CH( COMe) 0 
V  COMe
Me^ ^ N 
H
(48)
CH0C1
MeOC OMe
N
H
(49)
The mechanism by which the tetra-acetyldihydropyri­
dine (48) was formed on allowing the mother liquors from 
the hydrolysis of the chloromethyl compound (49) to stand 
at room temperature was investigated, but no* positive 
conclusions could be formed. Three possible routes 
considered were (a) the condensation of acetylacetone (or
2-aminopent-2-ene-4-one followed by hydrolysis of the amino 
group) with the chloromethyl compound, with elimination of 
hydrogen chloride, (b) a Hantzsch pyridine condensation 
between 2-aminopent~2-ene~4-one and 3,3-diacetylpropion- 
aldehyde, and (c) ring opening of the dihydrofuran to 
afford 2-hydroxy-1,1,4,4, -tetra-acetylbutane followed by 
condensation with 2-aminop ent-2-ene-4-one. These three
possibilities are discussed Separately below.
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(a) The condensation of a compound containing an 
active methylene group with an organic halide normally 
requires the presence of a base to facilitate the reaction, 
but, as the chloromethyl compound was decomposed by basic 
media, it was not practicable to attempt this. Furthermore 
it was not possible to examine the action of acetylacetone 
on the chloromethyl compound in the same solvent as that
in which the tetra-acetyldihydropyridine originated as the 
chloromethyl compound was unstable in this medium. The 
action of acetylacetone, or 2-aminopent-2-ene-4-one, on 
the chloromethyl compound in dry isopropanol was not found 
to give any different products than the action of dry
isopropanol alone on the chloromethyl compound.
t „ ,, . .5«6,7,9»,12,13 .jIn vxew of the reported ’ ’ ’ ’ * ’ evidence
that the halogen of 4-halonethyl-1,4-dihydropyridines does 
not undergo the usual nucleophilic substitution reactions 
this mechanism seemed extremely unlikely.
(b) The isolation of acetylacetone and 3,3-diacetyl-
propionaldehyde as hydrolysis products of the dihydrofuran
(50) can be accounted for by visualizing hydrolysis of the
56 572, 3-dihydro fur an in the usual manner, 9 followed by a 
reverse Aldol type condensation of the intermediate (51)*
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This reaction could have taken place more slowly in the
Me
i
c.
7 /
Me ^  0 >'TS* CH ( COMe )
(50)
OH,
Me
I
C
HO
r
(51) °H
CH(COMe)
(MeOC) CH ,2 — ^
0A ,
CH2(C0Me)
mother liquors of the hydrolysis of the chloromethyl 
compound, as some of* the dihydrofuran would undoubtedly 
have remained in solution. In the presence of nitrogen 
containing residues (©,.£. , ammonium ion) the acetylacetone 
could have acted as an in situ source of 2-aminopent-2-ene-4* 
-one and then taken place in a Hantzsch pyridine condensation 
with 3,3-diacetylpropionaldehyde, affording the product 
as shown below.
MeOC
Me
CH2CH(C0Me)2
H H .COMe MeOC
H CH2CH(C0Me)2
COMe
N '"''AM© 
H
In experiments to test this possibility the 
chloromethyl compound was hydrolysed by heating with 
aqueous isopropanol in the presence of excesses of acetal- 
dehyde, propionaldehyde, and benzaldehyde. The dihydro- 
furan was obtained in similar yield as from the previous 
experiment without the added aldehydes, and the mother 
liquors were kept at room temperature and examined 
periodically by t.l.c. If the tetra-acetyldihydropyridine 
had originated by the Hantzsch condensation, then the three 
(52), (53), and (54) should have been formed.
(52) (53) (54)
R = COMe
However, the three reaction mixtures were found, after 
13 days, to contain the same non-volatile constituents; 
this could be regarded as evidence that the tetra-acetyl- 
dihydropyridine did not arise from this route.
dihy dr o^ as&asys
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(c) The alternative possibility that the inter­
mediate (51) condensed with 2-aminopent-2-ene-4-one yielding 
the product as shown below was investigated experimentally.
CH2CH(C0Me)2
MeOC
OH
EL ,C0Me
Me'^^OH
2
H CH0 CH(COMe)
MeOC. ^COMe
NMe'
K
Hydrolysis of* the chloromethyl compound was carried out, 
and the precipitated dihydrofuran removed. Excess methyl
3-aminocrotonate was then added to the mother liquors which 
were kept at room temperature and examined periodically by 
t.l.c. Formation of the unsymmetrical dihydropyridine 
(55) would have provided strong evidence in favour of this
MeOC
H CH2CH(C0Me)2
C0nMe2
M e / \  N 'Me
H CH0 CH(COMe)0
V
MeO.C -CO Me
Me" N
Ii
"Me
(55) (56)
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mechanism as route (b) would have afforded the diester ( 56) . 
However, these compounds were not isolated, although t.l.c. 
indicated a mixture of the dihydrofuran and the tetra- 
acetyldihydropyridine together with traces of five other 
compounds.
From the above brief investigation it can be seen 
that mechanism (a) was unlikely and the evidence was 
inconclusive in the case of (b) and (c).
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E X P E R I M E N T A L  
SOME INTRODUCTORY NOTES MAY BE FOUND 
IN CHAPTER 6*
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Hydrolysis of 4-chloromethyl-3 *5~diacetyl-l,4-dihydro~21 Si- 
-dimethylpyridine. - This compound (100 g.) was dissolved 
in water-isopropanol ("9 Si) (400 ml.). After 12 hr. at 
room temperature the solution afforded 4-acetyl-2-diacety1 - 
methyl-2, 3-dihydro-5-methylfuran (2) as needles (46.2 g. ) , 
m.p. 70-74° raised to 75-76° after two crystallizations 
from dry isopropanol, (Found: C, 64.05; H, 7.2; 0, 29.25.
C12Hl6°4 re<iu:iLres c» 64.3; H, 7.2; 0, 28.5%); ^max 275 mp.,
(log1()e 4.90); >?max 1720 and 1700 (1,3-diketone) , 1675 
(C=0) , 1615 (1,3-diketone), 1365 (CH -C=Q) , 1260 cm.-1
(C =C-0 ) ; T 4.78 (td; J 9.7 c/sec., J , 9.7 c/secM—“a, d “—a, ci
J_a c 7.2 c/sec.; H&) , 5.97 (d; a 9.7 c/sec.; Hfc),
6.77 (dd of q; J ,14.5 c/sec., J 9.7 c/sec.,— c, ci —c, a
J 1.5 c/sec.; H ), 7.46 (dd of q; J, 14.5 c/sec.,—c,g * c * —d,c 7
J 7.2 c/sec., J. 1.5 c/sec.; H,), 7.72 (a; Me ),
"~Q fa ~ Q  9 g u “
7.78 (S ; Me-), 7.81 (t; J . 1.5 c/sec., J . 1.5 c/sec.;i —g, c S j
Me ), 7.83 (s; Meh).
After 45 days at room temperature the mother 
liquors yielded 3.5-diacetyl-4-(2,2-diacetylethyl)-1 
4-diliydro-2,6-dimethylpyridine (3) as yellow needles (12 g.), 
m.p. 183-185° raised to 189° by crystallization from
isopropanol, (Found: C, 66.6; H, 7.5; N, 4.6. c17h 23n o 4
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requires C, 66.85; H, 7.6; N, 4.6%); X  (in EtOH) 371 
and 253 ni}i., (log1Ae 3.88 and 4.23); X  (in C.IN 
NaOH-EtGH) 377, 308, and 257 mp., (log^e 3.55, 3.92 and
3.86); ^ 3460 (NH), 1720 and 1694 (1,3-diketone), 1663max.
(CrO), 1618 (C=C), 1360 cm.”'1 (CH3C=0) ; T 3.73
(£ ; NH), 6.08 (t; J 7 c/sec.; H ), 6.42 (t; J.*—a, g a d , g
7 c/sec.; li^), 8.25 (t; J a 7 c/sec., Jg b 7 c/sec.;
CH_ ), 7.65 (s; Me .), 7.70 (s; Me .), 7.87 (s; Me^ >. ^ C|U 0,x g t n ;
o
Preparation of the Deuterated Dihydrofuran (6). - 4-Chloro-
methyl~3, 5-diacetyl-l, 4--dihydro~2, 6~dimethylpyridine (1 g.)
was dissolved by warming in deuterium oxide-dry dioxan
(9:1)(4 ml.). After 12 hr. at r o o m  temperature the solution
afforded the product as colourless needles which were
filtered under dry nitrogen, washed with dry dioxan, dried
-2over magnesium sulphate at 10 cm. Hg, and stored under dry 
nitrogen. The product had T 4.75 (dd; J , 10 c/sec.,■■■ .mi-1..............  —a , g
J 7.7 c/sec.; H ), 6.77 (dd of q; J . l4.5 c/sec.,—a, c a c, o,
J 7.7 c/sec., J 1.7 c/sec.; H ), 7.46 (dd of q;—c, a —c, g c
J, 14.5 c/sec., J, 10 c/sec., J, 1.7 c/sec.; H ,) , 7.65, -“Ci, c ~a, a “"a. , g ci
7.69, 7.76, 7.81 (all s; Me^) , unchanged by shaking the 
CDCl^ solution with water (0.1 ml.), centrifuging and 
rescanning.
107
Ferric Chloride Test on 4-Acetyl~2-diacetylmethyl-2, 3-dihydro- 
-5-niethyiruran. - This compound (10 mg.) in dry methanol 
(1 ml.) was mixed with 1%  methanolic anhydrous ferric 
chloride (1 ml.) at room temperature. An immediate red- 
“brown colouration was produced. A similar test using 1 %  
aqueous ferric chloride produced a similar colour which 
became somewhat more intense than the anhydrous case on 
standing for 15 rain.
Pyrolysis of 4-Acetyl-2-diacetylmethy1-2,3-dihydro-5-me th£l- 
furan. - This compound (0.554 g.) was heated at 140° in 
an open vessel for 4.5 hr., cooled, dissolved in chlorofprm 
and chromatographed on a silica-gel plate (50 x 20 x 0.2, cm.) 
using chloroform-acetone (4:1) as eluent. The band having
R_ 0.96 was extracted with acetone. Removal of the acetonex
under reduced pressure afforded 3.6-diacetyl-2.7-dihydroxy- 
octa~2,4,6-triene (8)(0.142 g.) as needles, m.p. 101-103° 
after crystallization from light petrol (b.p, 60-80°),
(Found: C, 64.05; H, 7.2. Ci2Hl6°4 re^uires c> 64.3;
H, 7.2#); \jax 250 and 287 m^ i., (log10e 4.71 and 4.68);
1600 (broad band assigned to conjugated C=C andr max.
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C = G groups), and 1365 cm.-1 (CH CO) ; T -6.84 (s; (0H)o),
j 2
3.92 (s; -CH =CH-) , and 7*81 (s; He^).
Hydrolysis of 4-acetyl-2-diacetylmethyl-2,3-dihydro-5-methy1- 
furan. - This compound (12.3 g.) in isopropano1-water 
(1 ; 9) (360 ml.) was heated under reflux for 5 hr. The 
mixture was left at room temperature overnight, when it 
afforded 2,4-diacetyl-6-hydroxy-3,6-dimethylfulvene (10) as 
fine yellow needles (0.8 g.), m.p. 120-122° raised to 124? 
by sublimation (110°/0.05 mm.), (Found: C, 70.15; H, 6.9. 
Calc, for C12Hl403: c, 69.9 ; H, 6.896); ^max#282, 338,
and 3 60 mjj,. , (log10s 4.54, 3.84, and 3.93); M max 1650 
(C = 0 ) and 1550 cm."1 (C= C ) ; T-8.73 (*>; -OH), 2.30
(S; ring proton), 7.21, 7.37, 7.42, 7.52 (each s; Me^).
After heating the mother liquors under reflux for a further 
22 hr. 200 ml. of liquid was steam distilled from the 
mixture. Addition of cupric acetate (5.3 g.) in water 
(100 ml.) to the steam distillate afforded copper acetyl- 
acetonate (2.55 g.) identified by comparison with an 
authentic sample. The non-steam volatile portion of the 
reaction mixture was evaporated at the rotary evaporator 
(100°/water-pump) leaving a brown oil, molecular distillation
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o — 2(100 /10 mm.) of which afforded 3,3-<^iacQtylpropionaldehyde
as needles, m.p. 7 5 - 7 6 °  after crystallization from
cyclohexane, (Found: C, 59.2; H, 7.25. C^H^O^ requires
C, 59.1; H, 7.1%); ^max mp,., (log^e 4.02) initially,
becoming A. . 274 mp,., (login£ 3.59) after 72 hr.; ^
(nujol) 3250 (-OH-----0), 2750 (CHO), 1690 (CEO), and
1600 cm.”1 (1, 3-diketone) ; ^  (0HClo) 3500 (-0H---- 0) ,max. j
3680 (OH), 2950, 2850, 2740, and 1360 (CHO), 1700 and 1715
(C = 0 ) , and 1600 cm.""1 (1, 3-dike tone) ; T -6.93 (s ; OH ),a
0.24 (s; CHjO), 0.32 (t; Jb c1.7 c/sec.; 0^0), 4.15
(dd; _ f 7.5 c/sec», I- , • 8*0 c/sec * ; H, , ) , 5.23
*"" > ~~ * 2 
(s; 0H&t), 5.80 (t; f 7.5 c/sec., CHg ), 6.64 (d;
» f ’
1.7 c/sec.; CH2 ), 6.96 (d; e 7.5 c/sec.; Hf), 7.02
c ’
(m; H . t), 7.73, 7.78, 7.83, and 7.94 (all s ; Me.). See 
1*2
structures (15), (16), and (17) for assignments.
Preparation of the Phenyihy draz in e Derivative of 2, 4-Diacetyl- 
6-hydroxy-3.6-dimethylfulvene. - Phenylhydrazine (1.2 g.) 
was added to the fulvene (300 mg.) in dry ethanol (10 ml.), 
and phenylhydrazine hydrochloride (1 mg.) was added to the 
mixture. The mixture was kept below 0° overnight, after 
which removal of the solvent at reduced pressure in the
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cold yielded the pyridazine (13) as yellow plates, m.p. 178° 
after crystallization from ethanol; molecular formula (mass
spectrometry) C24H24N4’ \nax 207, 269, 320, and 368 "V*! 
V x . 3420 » 1601 (C = N), and 1585 eta,"1 (C=C),
Preparation of the triethylamine salt (14) of 2, 4-diacetyl- 
3% 6-dimethyl-6-hydroxyfulvane. - To the fuT/ene (22 mg.) 
in dryt distilled benzene-cyclohexane ( 1:9) (1ml.) was 
added purified triethylamine (14 mg.) in the same solvent 
(0.2 ml.). The mixture was kept at room temperature for 
1 hr. when removal of the solvent under reduced pressure 
at room temperature left the product as a solid (36 mg#), 
m.p. 109° (decorap.); *^max an<^  ^48 rap,., (log^s 4.36
and 4.05); V 2700 and 2530 (NH+), 1650 (C =0), andmax.
1625 cm.”1 (C =C) ; T -6.20 (broads; NH), 2.44 (s; ring 
proton), 7.31 (s; ACg)» 7.35 (q» £.a b 7.7 c/sec.; (CH^)^),
7.45 ($; Me2), 8.92 (t; J ^ a 7.7 c/sec. ; Me^.
Reaction between hydrochloric acid and the trie thylamine 
salt (14) of 2,4-diacetyl-3 « 6-diraethyl-6-hydroxyfulvene. - 
To the salt (16 mg.) in water (2 ml.) was added dilute 
hydrochloric acid until the solution was just acid to litmus.
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The solution was left at room temperature overnight yielding 
a yellow solid (10 mg.) shown to be the parent fulvene 
by comparison with an authentic sample.
Reaction between triethylamine and 4-acetyl-2-diacetylmethy1- 
-2,3-dihydro-3-methyIfuran. - To this compound (2.56 g.) in 
dry xylene (25 ml.) was added dry triethylamine (1 g.).
The mixture was heated under reflux for 2 hr. and kept 
below 0° for 70 hr. yielding a yellow solid (0.848 g.). 
Repeated crystallization from dry cyclohexane containing 
excess triethylamine afforded needles, m.p. 109° (decomp.), 
which were identified as the triethylamine salt (14) by 
comparison with an authentic sample.
Spectral Investigation of the Tautomerism of 3,3-Diacetyl- 
propionaldehyde. - (a) P ^ . m . o f  the fully protonated
compound, The aldehyde (20 mg.) was dissolved in 
deuteriochloroform (0.5 ml.), and the p.m.r. spectrum 
recorded in the usual manner. The solution was kept in 
the p.m.r. sample tube at 34°, and the spectrum was recorded 
at intervals until equilibrium between the tautomers was 
indicated by constancy of spectra. The sequence could be
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repeated after removal of the solvent (room temperature/water 
pump) which afforded the original tautomer.
]?.m*r. of the deuterated compound. The aldehyde 
(20 mg,) was mixed with deuterium oxide (0,1 ml.) in a p.m.r. 
sample tube. The tightly stoppered tube was left at room 
temperature overnight and the mixture was then extracted 
with deuter i © chloroform (0.5 ml.), centrifuged, and the 
spectrum recorded without removing the upper layer which 
was well clear of the magnet poles and thus made no 
contribution to the spectrum. No change in the spectrum 
was observed as the solution aged.
(c_) Infrared. The aldehyde (10 mg.) was dissolved 
in chloroform (0.4 ml.) and the spectrum recorded at 
intervals until consecutive spectra were identical.
( d )  Ultraviolet. The aldehyde (1.410 mg.) was 
dissolved in 96%  ethanol (100 ml.) and the spectrum was 
recorded at intervals until the extinction coefficient had 
become constant.
Change of Ultraviolet Spectrum of 4-Chloromethyl-3,5- 
diacetyl-1,4-dihydro-2,6-dimethylpyridine in ethanol-water 
(1 : 9 ). - The chlororaethyl compound (O.6O5 mg.) was
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dissolved in ethanol-water (1:9) (25 ml.) and the spectrum 
recorded at intervals. The absorbance maxima at 251 and 
366 m[i. were replaced by a single maximum at 275 without
the appearance of intermediate bands.
Attempted Hydrolysis of Dimethyl 4-Chloromethyl-l,4-dihydro- 
-2,6-dimethy1 ff yridine-3 *5-dicarboxylate. - This compound 
(100 mg.) was heated under reflux with water-isopropanol 
(9 : 1 5 (4 ml.) for 1 hr. The mixture was cooled and 
extracted with chloroform ( 3 x 5  ml.). The chloroform 
solution was dried (MgSO^) and removal of the chloroform 
under reduced pressure afforded starting material (80 mg.), 
identified by comparison with an authentic sample.
Attempted Hydrolysis of 3 < 5-dibenzoyl-4-chloromethyl-1, *&- 
-dihydro-2,6-dimethylpyridine. - This compound (100 mg.) was 
heated under reflux with water-isopropanol (9 :1){4 ml.) 
for 4 hr. The mixture was cooled and extracted with 
chloroform ( 4 x 2  ml.). The chloroform solution was 
dried (*%S0^) and removal of the chloroform under reduced 
pressure afforded starting material (70 mg.), identified by 
comparison with an authentic sample. T.l.c. examination
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of the aqueous residue revealed that it contained only 
starting material.
Attempted Hydrolysis of 4,7-Diacetyl-1,3-dimethyl-8-thia--2-
-azabicyclo-[3«2«l]oct-3-ene. - This compound (100 mg.)
was dissolved in isopropanol-water (1 i 9 ) (5 ml.) and
heated under reflux for 4 hr. The mixture was cooled and
extracted with chloroform ( 2 x 5  ml.). The extract was
dried (MgSO, ) and the solvent removed under reduced ‘i
pressure leaving a solid (88 mg.), m.p. 120-122° raised 
to 128° by crystallization from benzene, identified as 
starting material by comparison with an authentic sample.
Ferric Chloride Test on 3i5 Piacetyl-4-(2,2-diacetylethyl)- 
-1,4-dihydro-2,6 -dimethylpyridine. - This compound (10 mg.) 
in dry methanol (1 ml.) was mixed with 1 %  methanolic 
anhydrous ferric chloride (1 ml.) at room temperature, 
affording a greenish-yellow solution which darkened on 
standing, becoming purple-brown after 10 min. and red- 
brown after 2 hr. A similar test using 1l%  aqueous 
ferric chloride produced similar colour changes but of less 
intensity than the anhydrous case.
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Preparation of the Copper Chelate of 3«5-Diacetyl-4-(2,2- 
diacetylethyl)-1,4-dihydro-2,6-dimethylpyridiiie. - A  
saturated solution of the tetra-acetyldihydropyridine (50 mg.) 
in methanol was mixed with a saturated solution of cupric 
acetate (30 mg.) in methanol and kept below 0° overnight, 
affording a blue-green solid which decomposed at 210°,
(Found: C, 58.15; H, 6.75; N, 4.2. c32H4o08N2Cu 
requires C, 59*65; H, 6.3; N, 4.4). The product could 
not be crystallized from the following solvents:- Cyclohexane, 
benzene, chloroform, carbon tetrachloride, acetone, ethanol, 
methanol, tetrahydrofuran, dimethoxyethane, dimethylformamide, 
acetic acid, chlorobenzene, ethyl acetate, N-methylpyrroli- 
done, and acetonitrile.
Preparation of the Dioxime (43), and the Derived Iso-oxazole 
(44) of 3« 5-Qiecetyl-4-(2,2-diacetylethyl)-1,4-dihydro-2,6- 
dimethylpyridine. - This compound (1 g.) in methanol (50 ml.) 
was added to hydroxylamine hydrochloride (0.5 g.) and sodium 
acetate (1 g.) in water (5 ml.). After 1 hr. at room 
temperature removal of the solvent under reduced pressure 
afforded the dioxime as yellow needles, m.p. 163°, after 
crystallization from methanol-water (1 : 9) , (Found: C, 6l.0j
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H, 7.65; N, 12.3. ^17^25^3^4 requires C, 60.9; H, 7.5;
N, 12.5%); ^max#255 and 370 mjj,., (log1C)£ 4.18 and 3.91);
^ max. ^ nusol) 3600 (N0H>* 3240 and 3350 (NH) , 1655 (0 = 0), 
and 1590 cm. ^ (C = C).
The dioxime (0.4 g.) was heated at 200° for 5 min.
yielding the iso-oxazole (0.2 g.) as yellow needles, m.p. 179°,
after purification by column chromatography (chloroform-
-alumina) and crystallization from methanol-water (1 : 9 )*
(Found: C, 67.35; H, 7.15; N, 9.2. c1?H22N203 requires
C, 67.5; H, 7.3; N, 9.3%); X „ 353 and 237 mu..
(log 8 4.38 and 3.89); (nugol) 3325 and 3225 (NH),
OIm X i •
1665 (C a O  ), and 1590 cm.”1 (C=C) ; M +, m/e, 320.
Alkaline Hydrolysis of 3,5-&lacetyl-4-(2,2-diacetylethyl)-1,
4-dihydro-21 6-dime thy Ipyri dine. - This compound (2 g.) in
4% aqueous sodium hydroxide (10 ml.) was heated to 70 ,
yielding 3,5-diacetyl-4-(2-acetyletfayl)-1,4-dihydro-2t6-
-dimethylpyridine (45) as yellow needles, m.p. 153 * after
crystallization from isopropanol, (Found C, 68.6; H, 8.3;
N, 5.2. C_ H__N0_ requires C, 68.4; H, 8.0; N, 5.3%);
15 21 3
\nax anC* K3^ *’ ^°®10G 3.81 and 4.31) 5 (NH) ,
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1710 (CHgCOCH^), 1665 (C=C-CO), and 1585 cm.”1 (C=C); T 3.35
(s; NH), 6.02 (t; J , 7 c/sec.; H ), 7.67 (t; J ,*“a, d a —*c, d
7 c/sec.; Hp ), 7.68 (s; ring acetyls), 7.70 (s; ring 
methyls), 7.90 (s; side-chain acetyl), 8.50 (q; J. Q 7 c/sec.,
*"*D ^ 8.
—b,c 7 c/sec* > H2b>-
Preparation of the Mono-oxime (46) of 3,5-Diacetyl-4- 
-(2-acetylethyl)-1,4-dihydro-216-dimethylpyridine. - This 
compound (0.1 g.) in methanol (1 ml.) was added to hydroxyl- 
amine hydrochloride (0.05 g.) and sodium acetate (0.1 g.) 
in water (0.5 ml.). After 5 min. at room temperature 
t.l.c. indicated that reaction was complete. The solvent 
was removed under reduced pressure leaving a yellow oil 
which rapidly solidified on scratching, affording the mono- 
-oxime as yellow needles of m.p. 181-182° after crystalliza­
tion from methanol-water (1:9), raised to 184° by purification 
on a silica-gel plate (50 x 20 x 0.2 cm.) using chloroform- 
-acetone (4:1) as eluent followed by a further crystallization 
from methanol-water (1:9), (Found: C, 64.5; K, 7.9; N, 10.1.
Ci5H22^2^3 reclu:*-res C, 84.7; H, 8.0; N, 10.1%); *^raax 
and 374 mp., (log1()e 3.77 and 3.50); ^ max#3430 (N0H), 3350
and 3200 (NH), I65O (C=0), and 1590 cm.”1 (C=C); M+, m/e,278.
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Preparation of the Deuterated Triketone (47)• - Sodium 
(0.115 g.) was slowly added to deuterium oxide ( 5 ml.)f 
and to this solution was added 3»5-diacetyl-4-(2,2-diacetyl- 
ethyl)-1,4-dihydro-2,6-dimethylpyridine (1 g. ) . The 
mixture was heated to 70° affording the product, filtered 
and stored under dry nitrogen, as yellow needles, T 6.05 
(t; J 7 c/sec.; CH), 7.70 (s; Me2>, 8.50 (d; J 7 c/sec.; CH2).
Action of (a.) Aceiylacetone, and (t>) 2-Aminopent~2-ene-4-one 
on 4-Chloromethyl-3,5-diacetyl-1,4-dihydro-2,6-dimethyl- 
pyridine. - (a^ ). This compound (0.12 g.) in dry
isopropanol (40 ml.) was heated under reflux with acetyl- 
acetone (0.05 g.). A blank experiment was also carried 
out in which the acetylacetone was omitted. After 1 hr. 
t.l.c. gave results as shewn in Table 2. After a further 
1 hr. of refluxing the t.l.c. was unchanged. ,
Table 2.
Sample
Reaction mixture O.85 0.72 O.56 0.31
Blank experiment 0.87 0.70 0.54 0.30
3,5-Oiecetyl-4-(2,2-diace­
tyl ethyl) -1,4-dihydro-2,6- 
-dimethylpyridine. 0.40
(lb) . The above experiment was repeated using
2-aminopent-2-ene-4-one instead of acetylacetone, with 
similar results.
Hydrolysis of 4-Chloromethyl-3« 5-diacetyl-l,4-dihydro-2,6- 
-dimethylpyridine in the Presence of (a.) Acetaldehyde,
(b_) Propionaldehyde, and (jc) Benza 1 dehyde. - The chloromethyl 
compound (1 g.) was dissolved by warming in water-isopropanol 
(9:1)(4 ml.) containing (a) acetaldehyde (1 eq.). The 
mixture was kept at 0° overnight, filtered, and kept at 
room temperature. This experiment was repeated using (b) 
propionaldehyde and (c) benzaldehyde in the place of 
acetaldehyde. After 13 days, t.l.c. examination of the 
mixtures gave the results in Table 3. (See Chapter S for 
an explanation of symbols used.)
Table 3.
Sample
Reaction mixture (Jb)
Reaction mixture (c)
Reaction mixture (a) 0.70x { £ ) 0.57 (») 0.40 (m)
0.29X (w)
0.69* (f) 0.57 (s) 0.40 (m)
0.24X (f)
G.69X (f) 0.57 (s) 0.40 (m)
0.24x (f)
The dihydrofuran
The tetra-acetyldihydro- 0.24 
pyridine
0.57
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Action of Methyl 3-Aminocrotonate on the Filtrate From the 
Hydrolysis of 4 - Ch 1 or ome t hy 1 - 3 , 3-diacetyl-l, 4-dihydro--2, 6- 
-dimethylpyridine. - This compound (1 g. ) was dissolved by 
warming in water-isopropanol (9:1)(10 ml.). The mixture 
was kept at 0° overnight, filtered, and to the filtrate was 
added methyl 3-aminocrotonate (1 g.) and isopropanol (3 ml.). 
The mixture was kept at room temperature and afforded the 
results shown in Table 4 after 34 days. The mixture
Table 4.
Sample R_
f *
Reaction mixture after 0.77X (3) 0.66 (s) 0.52X (f)
34 days 0.46 (s) 0.37* (f) 0.24 (f)
0.14 (w) 0.0 (w)
The dihydrofuran 0.66
The tetra-acetyldihydropyridine 0.37 
Methyl 3-aminocrotonate 0.77
was extracted with chloroform ( 3 ^ 5  ml.). The chloroform 
layers were combined and dried (MgSO^) and the chloroform 
was removed under reduced pressure, affording an intractable 
oil, which was shown by t.l.c. to have the same constituents 
as the reaction mixture before extraction.
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C H A P T E R  k  
THE SYNTHESIS OF 3,3-DIACETYLPROPIONALDEHYDE
122
(i) INTRODUCTION
3,3-Diacetylpropionaldehyde has not been reported 
in the literature, and, in view of the complicated spectral 
properties of the compound obtained by hydrolysis of
4-acetyl-2-diacetylmethyl-2,3-dihydro-5-methylfuran, it 
was considered important that an alternative synthesis be 
carried out.
Several methods were attempted before a successful 
synthesis was achieved, but for the sake of clarity the 
successful preparation has been described first in this 
chapter.
123
(ii) THE PREPARATION AND OZONOLYSIS OF 3-ACETYL-5-HEXEN-2-ONE 
The preparation of this compound, by the condensation 
of sodium acetylacetonate with allyl bromide in ethanol,
preparation did not afford any of the stated product.
An alternative preparation, in which acetylacetone
was condensed with allyl bromide in acetone containing
anhydrous potassium carbonate, afforded a good yield of
3-acetyl--5-hexeii“2-one, the structure of which was confirmed
by analysis, p.m.r. spectroscopy, and by comparison of
73the physical properties with reported data.
was ca, k 5 %  enolised (the %  could be obtained from the 
areas of the signals).
73has been reported. However, an attempt to repeat the
The p.m.r. spectrum of this compound was of 
interest as it indicated that (in CDCl^ at 35°) the compound
0
C
(1) c (2)
The enol proton (H ) gave a low field singlet ata
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T -6.73, and the olefinic protons (Hfe) and (H^ ) gave rise
to a complex signal at T 3.80 to 4.66 caused by coupling
to the various protons in their vicinity. H (and H )c c ±
gave resonance at T 4.88, the signal being a double doublet
because of coupling to H, (and H, ) (J , = J - = 16 c/sec.)b b^ —c, b ~*cl’^ l
and to H, (and H, ) (J , = J , = 2 c/sec.). H , (and H, )cl cl- —-c. a — c, . a, a. a.,1 ^ ^  l1 1 1
gave a double doublet at T 5-ii caused by coupling to Ho
(and H ) (J as above) and to H (and H,)(J = J = 7 . 5  c/sec,)
C j “ D 1 *"" 1 * 1
In the free keto tautomer the methine proton (H )^
being coupled to the methylene protons (-CH0 -)(J 7-3<sg —e,g
c/sec.) gave a triplet at T 6.28, whilst the methylene
protons (-CH_ ) gave a triplet at T 7.43 (J , = = 7.5g, U St®
c/sec.). Slight broadening of the elements of the latter
signal was regarded as evidence of allylic coupling between
H and H , (J < 1 c/sec.). The methylene protons (-CH_ -) g c, d
gave a double triplet at T 7.03 caused by vicinal coupling
to H, (J 7 c/sec.) and allylic coupling to H and
D ^ * 1 C1
H, (J« = - = 1.5 c/sec.).
di ~ t ' °i _f’ di
The methyl groups (Me^) and (Me^) of the keto
tautomer gave a singlet at T 7.84 and the methyl groups of
the enol tautomer (Me. and Me, ) gave a singlet at T 7.92.
J
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Further discussion on the methyl signals appears in Chapter 
5.
Ozonolysis of* this compound, followed by 
hydrolysis, in the presence of zinc dust to suppress 
oxidation to 3,3-diacetylpropionic acid, afforded a low 
yield (ca. 0,5% on the 3-acetyl-5-hexen-2-one) of purified 
3,3“diacetylpropionaldehyde.
(CH3CO)2CH2 + Br-CH2CH=CK2
.etc-
3’ -- (CH CO)2CHCH2CH0
Because the 3"-acecyl~5~hexen-2-one was known 
to be a tautomeric mixture it was important to pass not 
more than one equivalent of ozone as any excess ozone 
would be expected to react further with the double bond 
of the enol tautomer. The ozoniser was therefore calibrated 
by passing the ozone enriched oxygen into potassium iodide 
in acetic acid-water (1:1) followed by titration of the 
liberated iodine with sodium thiosulphate.
The 3,3-diacetylpropionaldehyde prepared by this
KpC°
— — 4* (CH CO) CHCH0CH=CH0
J  dt <£>
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method was found to be identical to the product obtained 
by the hydrolysis of 4-acetyl~2-diacetylmethyl-21 3-dihydro-
5-methyIf uran*
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(iii) THE ATTEMPTED CONDENSATION OF 1-BROMO-2,2-DIETHOXYETHANE 
WITH ACETYLACETONE OR ITS METAL DERIVATIVES
This reaction, followed by acid hydrolysis of 
the acetal (3) to the free aldehyde is perhaps the most 
obvious synthesis of 3 *3-diacetylpropionaldehyde.
Br-CH2-CH(OEt)2 + (O^CO^CHg (CH^CO) gCH-CHg,CH(QEt) 2
(3)
[1^ ( CH^ CO ) 2 CH- CH2 - CHO
However, despite prolonged work on the reaction of the 
bromoacetal with acetylacetone or its metal derivatives
74(prepared by the method of Hatch and Sutherland ) in
various solvents it was not found to give any of the desired
acetal (3). The failure of these experiments was
surprising and it is difficult to put forward a possible
reason. pEt
Br-f- CH2~^ -vPH
1 3^
OEt
(4)
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The influence of the electron withdrawing 
ethoxy substituents would be to make electron deficient, 
and it could be expected that this effect would be weakly 
transmitted to C^, thereby making more susceptible 
to electrophilic substitution than a primary alkyl 
bromide would be. Since primary alkyl bromides react 
quite readily with acetylacetone in the presence of a base 
(cf. the preparation of 3-acetyl-5-hexen-2-one in this 
chapter) some further feature must have been operating to 
suppress reactivity.
A possible explanation is that the bulky ethoxyl 
groups so hinder the approach of the acetylacetone anion 
that the transition state (5) is not reached and so the
H
EtO ( OEt
\ I
H—  C--------c -------Br
Ac'*' / \ 6 -
H H
(5)
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reaction cannot proceed. In support, there is the well
75known reluctance of* neopentyl bromide to undergo nucleo-
philic substitution, and the equally well known steric
inhibition of the hydrolysis of esters, as originally 
7 5 3.summarised by Newman*s "Rule of Six".
The reaction was attempted employing sodium and 
magnesium acetylacetonate in various solvents, and using 
acetylacetone with anhydrous potassium carbonate or 
sodamide in various solvents. Full details are given in 
the experimental section.
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(iv) THE ATTEMPTED CONDENSATION OF CHLQRQACETALDEHYDE WITH
SODIUM ACETYLACETONATE
In view of the lack of reactivity of the metal 
derivatives of acetylacetone with l-bromo-2,2-diethoxyethane 
it was decided to examine the action of sodium acetylace- 
tonate on chloroacetaldehyde, thus avoiding the possible 
steric hindrance referred to earlier in this chapter.
Chloroacetaldehyde was prepared by a modification 
7 6of the reported method in which chlorine gas was passed 
into a solution of acetaldehyde in aqueous hydrochloric 
acid. In view of the instability of chloroacetaldehyde 
the product was not isolated, but an ether extract of the 
neutralized reaction mixture was used for reaction with 
sodium acetylacetonate.
The production of sodium chloride (distinguished 
from sodium acetylacetonate by the solubility in ethanol 
of the latter compound) in the reaction mixture was an 
indication that a reaction had taken place. However, 
distillation of the reaction mixture under reduced pressure 
resulted in the bulk of the mixture distilling below 45°
(130 mm.), affording a colourless distillate which rapidly
X3X
became black and viscous, and leaving a black carbonaceous 
intractable residue in the distillation vessel* This 
method was therefore abandoned.
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(v) AN ATTEMPTED SYNTHESIS VIA AN ALDIMINE DERIVATIVE OF
ACETALDEHYDE
77The well established enamine aIkylation of 
7 ft 7q
ketones has been extended ’ to the alkylation of 
aldehydes, and, with this in view, the possibility of 
introducing the acetylacetone fragment into acetaldehyde 
via this method was investigated.
CH3 CHO + NH2 - ( CH2) 3 - CH3  CH3 - CH=N- ( CH2 ) - CH3
EtMgBr
A c 2 CH-CHg-CH=N-(CH2)3-CH3 <=
HC1
ACgCHBr
CH_=CH~N-(CH_)q-CH_ 2 | 2 3 3
MgBr
(6)
Ac CHCHoCH0 
(7)
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Propylacetaldimine was prepared by the method of
80Tollais and was reacted with ethyl magnesium bromide, in
tetrahydrofuran, to give the magnesium salt (6). Alkyla-
81tion was then attempted with 3-bromopentane-2,4~dione 
followed by acid hydrolysis, Distillation of the reaction 
mixture afforded fractions in which the absence of compounds 
having molecular weight 142 was shown by mass spectrometry. 
It was therefore concluded that the expected product (7) had 
not been formed.
13^
(vx) AN ATTEMPTED SYNTHESIS FROM 2~BUTYNB~I,4-DXOh
A possible synthesis of 3,3-diacetylpropionalde- 
hyde starting with 2-butyne --l, 4t-diol (8) was envisaged from 
the sequence shown below.
HO -CH-C=C- CH - O H ____ ^ ts-CH -C=C~CH -ts
u  Q  di C*
(8) (9)
Ac2CH” Na+
Ac2CH-CIi2-CH=CH-CH2-CHAc2 g 2 ACgCH-CHg-CSC-GHg-CHACg
Pd/CaCO_
3
v
0^, etc. (10)
2 Ac2CHCH2CH0
The jo-toluene sulphonate ester (9) was prepared
83in good yield by the method of Eglinton and Whiting.
The condensation of jD-toluenesulphonate esters with sodium
salts of 1,3-dicarbonyl compounds in ethanol has been 
8 3reported, and, in an attempt to prepare the tetra-acetyl 
compound (10), a modification of this method was 
unsuccessfully carried out.
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In a further attempt to prepare (10) the 
ditosylate (9) was refluxed with acetylacetone in acetone 
containing anhydrous potassium carbonate. From this 
experiment a white, amorphous, sulphur free solid was 
obtained. The p.m.r. spectrum of this compound showed two 
main resonances at T 7-21 and T 7*93, having areas 10 and
21.5 units respectively. At first it was considered that 
this could have been the desired compound (10), the lack 
of observable coupling between the methine and methylene 
protons being accounted for by the fact that they had the 
same chemical shift (T 7.21), although such a coincidence 
would, admittedly, be surprising.
However, this compound did not take up hydrogen
84-in the presence of Lindlarfs catalyst, and the analysis 
figures showed a large discrepancy with those calculated 
for (10). Thus it was concluded that the compound obtained 
was not that required for the purpose of this synthesis.
At this stage work on this method was abandoned 
as a synthesis of 3,3-diacetylpropionaldehyde was achieved 
by an alternative method, as reported earlier in this 
chapter.
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(vii) THE ATTEMPTED PREPARATION OF 3,3-DIACETYLPROPANOL
The possibility of preparing this compound, to be 
followed by mild oxidation to 3,3-diacetylpropionaldehyde, 
was investigated.
The preparation of 3?3-diacetylpropanol by the
reaction between ethylene oxide and sodium acetylacetonate
85has been described, but in an attempt to repeat this work 
none of the stated product was obtained.
Condensation of potassium acetylacetonate with 
2-bromoethanol or 2-chloroethanol was attempted. When 
carried out without solvent a reaction proceeded, accompanied 
by an almost quantitative yield of potassium halide.
However, the reaction mixtures were shown, by mass 
spectrometry, not to contain any 3,3-diacetylpropanol.
As the products had molecular weights in excess of that 
required it was thought possible that reaction with a 
second molecule of the 2-haloethanol had taken place as 
this was always in excess.
At this point the successful synthesis of
3,3-diacetylpropionaldehyde, already described, was 
achieved and so this method was abandoned.
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E X P E R I M E N T A L
SOME INTRODUCTORY NOTES MAY BE FOUND 
IN CHAPTER 6
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Preparation of 3-Acetyl-5“hexen-2-one. - (a ). The method 
73described by English was attempted. Distillation of the 
product afforded two main fractions which were identified as 
allyl bromide and acetylacetone (starting materials) by their 
p.m.r. spectra.
(Jb). Acetylacetone (10 g.), allyl bromide (12.1 g.), 
and anhydrous potassium carbonate (20 g.) were heated under 
reflux in dry acetone (200 ml.), with stirring, for 21 hr.
The mixture was cooled, filtered, and distilled under reduced 
pressure. The fraction with b.p. 68-112°/l9 mm. (10 g.) 
was slowly distilled at 19 mm. and afforded four fractions, 
b.p. 89-92°, 92-95°, 95-105°, and 105-1X2° (7.29 g. in all),
each of which was shown, by its physical properties, to be
21 86 
3~acetyl*-5~hexen-2-one, n^ 1.4654 (lit. 1.4642),
(Found: C, 68.4; H, 8.5. Calc, for OgH-^O^ C, 68.6;
H, 8 . 6 % ) ,  X  288mix.; ^ 3140 and 3040 (CH=CH0),max. max. ■
1720 and 1695 (1,3-diketone), 1640 (C=C), and 1590 cm.""1 
(1,3-diketone): T -6.73 (s; Ha), 3.80-4.66 (m; ^ ),
4.88 (dd; J _ 16 c/sec., J ,2 c/sec., J , 16 c/sec.,
—c,b c,a """^ 1* 1
^°l,dl 2 C/^ 30C#? Hc*ci^’ 5*X1 *dd’ ■^d«'b 7-5 c/sec., £ djC
2 c/sec., J, _ ■ 7.5 c/sec., J, 2 c/sec.; H, , ), 6.28
“^ l ’0! d»al-
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(*.» — g 7.5 c/sec.; (dt; ^ 7 c/sec,, ^
1*5 c/sec.; -CH9 —), 7.43 (t; J * 7.5 c/sec., J—g,b —g, e
7.5 c/sec.; -CHp—), 7.84 (s; Me .), 7.92 (s; Me. . ) .n,i j,k
Attempted Condensation of Acetylacetone with l-Bromo-2,2~
-diethoxyethane in the Presence of Anhydrous Potassium 
Carbonate* ~ ( a ) In acetone* Acetylacetone (1 g*), the 
bromoacetal (1.2 g.) and anhydrous potassium carbonate (1 g.) 
in dry acetone (20 ml.) were stirred and heated under reflux 
for 24 hr* A portion of the reaction mixture was then made 
acidic to litmus with 2N-hydrochloric acid, warmed at 50° 
for 5 rain., and examined by t.l.c., the results of which are 
shown in Table 1.
Table 1.
Sample.
Reaction mixture 0.80 (m), 0.4l (m), 0.23-0.00 (f)
Acidified reaction mixture 0.85 (s), 0.4-6 (m)
3,3~diacetylpropionaldehyde 0.71
Acetylacetone 0.85
X
The bromoacetal
+ Spraying with dilute acidic potassium permanganate solution 
did not develop the spot due to the bromoacetal.
140
From these results it could be seen that 3t3-diacetyl- 
propionaldehyde was not present in the mixtures.
(b^ ). In dimethyl!ormamide. Acetylacetone (1 g.), the 
bromoacetal. (1. 2 g.) and anhydrous potassium carbonate (1 g.) 
in dry dimethyl!ormamide (20 ml.) were stirred and heated 
under re!lux* After 1 hr. a portion of the reaction mixture 
was made acidic with 2N-hydrochloric acid, warmed at 50° 
for 5 min., and examined by i.X.c., using chloroform as eluent.
Sample
Acidified reaction mixture 0.93 (w), 0.73 (s), 0.0 (s)
3,3-diacetylpropionaldehyde 0.18 
Acetylacetone 0.73
Thus, after heating for 1 hr. 3,3-diacetylpropionaldehyde was 
not produced by acid hydrolysis of the reaction mixture.
The main bulk of the reaction mixture was stirred and heated 
under reflux for 5*5 hr. and examined by t.l.c. at intervals. 
After 3*3 kr* the mixture gave a chi’omatogram identical 
to that above. Distillation of the reaction mixture 
afforded dimethylformamide (17.5 g*)» b.p. 88°/10 mm., and 
left a black residue which was made acidic to litmus with
3A1
2N--hydrochloric acid, warmed at 50° for 5 min., and extracted 
with (l) ether, (ii) chloroform. The extracts were 
concentrated by evaporation under reduced pressure and 
examined by t.l.c., the results of which are shown din 
Table 2.
Table 2.
Sample
Ether extract O .98
Chloroform extract no spots
Aqueous residue no spots
3,3-diacetylpropionaldehyde O .65
Acetylacetone O.98
Thus it was concluded that 3«3-diacetylpropionalde- 
hyde was not present in the acidified residue.
Attempted Condensation of Acetylacetone with l-Bromo-2,2- 
-dietboxyethane in the Presence of Sodamide. - Acetylacetone 
(0,25 g,), the bromoacetal (0.5 g*) and sodamide (0.11 g.) 
in dry benzene (3 ml.) were heated under reflux for 6.25 hr. 
The reaction mixture was examined by g.l.c. (argon/10%
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silicon oil on celite/100°) at intervals. The chromatograms 
indicated that no reaction had taken place.
Attempted Condensation of Magnesium Acetylacetonate with 
l-Byofflo-a, 2-diethoxyethane. - (ja) In xylene. Magnesium 
acetylacetonate (1.1 g.) and the bromoacetal (1 g.) in dry 
xylene (20 ml.) were heated under reflux for 16 hr. The 
mixture was cooled and filtered. The filtrate was examined 
by g.l.c. (argon/10% silicon oil on celite/83°). The 
chromatogram indicated that no reaction had taken place.
(ii.) in decane. Magnesium acetylacetonate (1.1 g.) 
and the bromoacetal (1 g.) in dry decane (20 ml.) were 
heated under reflux for 2 hr. The mixture was cooled and 
filtered, affording a white solid and a colourless liquid. 
Portions of these were made acidic to litmus with 
2N-hydrochloric acid and examined by t.l.c., together with 
the non-acidified materials. Only acetylacetone could be 
detected, the white solid being magnesium acetylacetonate.
(c) In dimethylformamide. Magnesium acetylacetonate 
(1.1 g.) and the bromoacetal (1 g.) in dry dimethylformamide 
(20 ml.) were heated under reflux for 1 hr. The reaction 
mixture was cooled, made acidic to litmus with 2N-hydrochloric
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acid and examined by t.l.c. Only acetylacetone was detected.
(d.) In ethanol. Magnesium acetylacetonate (1.1 g. ) 
and the bromoacetal (1 g.) in ethanol (20 ml.) were heated 
under reflux. After 9 hr. only acetylacetone could be 
detected by t.l.c.
( e) Without solvent. Magnesium acetylacetonate 
(20 mg.) and the bromoacetal (0.2 ml.) were heated at 130? 
in a corked test-tube for 0.5 hr. The dark brown reaction 
mixture was cooled and water (0.2 ml.) was added. The 
mixture was made acidic to litmus with 2N-hydro chloric acid 
and extracted with chloroform ( 2 x 1  ml.). After drying 
(magnesium sulphate) t.l.c. examination of the extract 
showed only the presence of acetylacetone.
Attempted Condensation of Sodium Acetylacetonate with 
l-Bromo-242-diethoxyethane. - Powdered sodium (0.2 g.) and 
acetylacetone (1 g.) were stirred in dry tetrahydrofuran 
(50 ml.) until no sodium remained visible (2 hr.). The 
bromoacetal (2 g.) was added, and the mixture was stirred 
at room temperature for 7 hr. After standing for 4 days at 
room temperature a portion of the mixture was made acidic
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with 2N-hydrochloric acid and warmed for 5 min. at 60°.
The solution was then examined by t.l.c., the results of
which are shown in Table 3*
Table 3.
Sample Eluent R^
Reaction mixture 1:4 acetone-chloroform 0.90 (s),
0.67 (s), 
0.46 (s), 
0.00 (f)
Acidified reaction mixture do. 0.90 (f),
0.67 (s), 
0*46 (w)
3.3-diacetylpropionaldehyde do. 0.74
Acetylacetone do. O.89
Reaction mixture 1:19 acetone-chloroform 0.74 (f),
0.59 (s), 
0.25 (s), 
0.14 (s), 
0.00 (f)
Acidified reaction mixture do. 0.74 (f),
0.18 (s), 
0.00 (f)
3.3-diacetylpropionaldehyde do. 0.43
Acetylacetone do. 0.76
From these results it could be seen that 3»3-diacetylpropion 
aldehyde was not present in the mixture*
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Action of" Sodium Acetylacetonate on Chloroacetaldehyde. -
76This compound was prepared by a modification of the reported 
method. Chlorine (18.6 g.) was passed into acetaldehyde 
(28.7 ml.) in concentrated hydrochloric acid (46.7 ml.), 
the temperature being maintained at 18-20° by an ice-bath.
The lower layer was run off and to the upper layer was 
added water (100 ml.) and ether (50 ml.). The mixture 
was extracted with ether (4 x 25 ml.). The ethereal 
extracts were combined with the original lower layer, 
washed with (a) 10^ aqueous sodium bicarbonate until neutral 
(b) water ( 2 x 5  ml.), and dried (MgSG^). The ethereal 
solution was reduced in volume, under reduced pressure, to 
25O ml., and was then added slowly, with stirring, to 
sodium acetylacetonate (64.1 g.) in dry ether (500 ml.).
The mixture was heated tinder reflux, with stirring, for 
3 hr. and then cooled, affording sodium acetylacetonate 
(57 g*), identified by comparison with an authentic sample, 
and sodium chloride (6 g.)(insoluble in ethanol).
Distillation of the reaction mixture afforded two main 
fractions (i) 32-37°/45 mrn- (3-3 g*)* (ii) 40-45°/l30 mm.
(2.9 g.) and a black carbonaceous residue. T.l.c. showed
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that 3,3-diacetylpropionaldehyde was absent from both fractions, 
which rapidly darkened,and from the residue.
Attempted Preparation of 3,3-Diacetylpropionaldehyde by 
Reaction between 3-Bromopentane-2,4-dione and Grlgnard.
Qrs
Reagent Derived from Propylacetaldimine. - Propylacetaldimine 
(3.2 g„) was added dropwise, over 1 hr. with stirring in an 
atmosphere of dry (calcium chloride and potassium hydroxide) 
nitrogen to ethylmagnesium bromide (11.1 g.) in dry 
tetrahydrofuran (36 ml.). The mixture was heated under
reflux for 1 hr. and cooled to 0°. To this solution was
31added 3-bromopentane-2,4-dione (14.6 g.) dropwise over
1 hr. with stirring and cooling in an ice-bath. When the 
addition was complete the mixture was stirred at 0°C for 
0.5 hr., tetrahydrofuran (75 ml.) was then added and the 
solution was heated under reflux for 3 hr. After cooling 
to room temperature the mixture was filtered, and to the 
filtrate was added 1 0 %  hydrochloric acid (400 ml.). This 
mixture was heated under reflux for 1 hr,, cooled and 
extracted with chloroform (8 x 50 ml.). After drying 
(ITaoS0,), the chloroform was removed under reduced pressure, 
and the residue was fractionated. Three fractions were
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collected; (a) b.p. 75-80°/5 Eim. (0.17 g.), (b) b.p. 80-85°/ 
5 mm. (0.10 g.), and (c) b.p. 90-95°/5 mm. (0.08 g.).
3,3-0iacetylpropionaldehyde was shown to be absent from 
each of these fractions as none of them contained any 
compounds with M , m/e, 142.
Preparation of the Di-p-toluenesulphonate of 2-Butyne-1,4-
diol. - This ester was prepared by the method of
82Eglinton and Whiting, using acetone as solvent. The
oproduct (11) was obtained as plates, m.p. 94 (lit. 82
94.5°), after crystallization from methanol, "S) 3050 (CH)max.
and 1595 c m / 1 (C=C) ; T 2.18 (d; J , 8.6 c/sec.; H ),—a, d a
2.62 (d; J 8.6 c/sec.; Hfe), 5.39 (s; CHp, 7.54 
(s; CH.).
H
/ MeSO3
(ID
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Attempted Condensation of Sodium Acetylacetonate with the 
Di-p-toluenesulphonate of 2-Butyne-l,4-d±ol. - (a) In 
Ethanol-water (9 si) . The tosylate (1 g.) and sodium 
acetylacetonate (0.6 g.) in ethanol-water (9 si)(11 ml.) 
were heated under reflux for Tj hr. The reaction mixture 
was shown, by t.l.c., to contain only starting materials.
(Id ) In Ethanol. The tosylate (4 g.) and sodium 
acetylacetonate (2.4 g.) in ethanol (20 ml.) were heated 
under reflux for 5 min., cooled and filtered, affording 
sodium jD-toluenesulphonate (3.5 g.), identified by 
comparison with an authentic sample, and a liquid which, on 
removal of the ethanol under reduced pressure, left a 
yellow oil (0.2 g.), shown, by t.l.c. to be a mixture 
containing at least 5 components.
(jd) In Dimethylacetamide. The tosylate (1.7 g.) 
and sodium acetylacetonate (0.6 g.) in dimethylacetamide 
(20 ml.) were heated under reflux with periodic t.l.c. 
examination. The mixture darkened considerably, becoming 
black after 4.75 hr., but only starting materials were 
detected by t.l.c.
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Reaction Between Acetylacetone and the Di-p-toluensulphonate 
of 2-Butyne-l,4-diol. - The tosylate (45 g.)T acetylacetone 
(22.5 g.), and anhydrous potassium carbonate (31.5 g.) in 
dry acetone (200 ml.) were heated under reflux for 24 hr.
The mixture was cooled to room temperature and filtered. 
Removal of the acetone under reduced pressure left a viscous 
yellow oil which, on trituration with methanol, afforded an 
amorphous solid, m.p. 125-127° after repeated precipitation 
from isopropanol, (Found: C, 69.5; H, 6.5. Cl4Hl8°4
requires C, 67.2; H, 7.2^), ^ 1697 (0=0), I58O
(1,3-diketone ), 1360 cm.”^ (CH^CO); T 7.21 (s; area 1 
unit), 7.93 (s; area 2 units). This compound did not
84react with hydrogen in the presence of Lindlarfs catalyst 
the activity of which had been verified with 2-butyne-l,4-
-diol.
Attempted Preparation of 3,3-Piacetylpropanol. - (a_) The 
condensation  ^of ethylene oxide with sodium acetylacetonate 
was attempted, but distillation of the reaction mixture 
only afforded compounds which were shown, by p.m.r., not 
to be 3,3-diacetylpropanol.
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(b) 2~Chloroethanol (4 g.) was added to potassium 
acetylacetonate (10.5 g.) 121 ether (50 ml.) . The mixture 
•was heated under reflux, with stirring, for 8.25 hr., 
cooled and filtered, affording potassium acetylacetonate 
(10.5 g.)» identified by comparison with an authentic 
sample.
(jc) The above experiment (b) was repeated using 
dry xylene (100 ml.) as solvent, with similar results.
(d.) Potassium acetylacetonate (5 g.) was added to 
2-chloroethanol (24 g.) and heated under reflux for 30 min. 
The mixture was cooled to room temperature and the potassium 
chloride formed was filtered. This procedure was repeated 
six times on the filtrate, 14.5 g. of potassium chloride 
and 1.2 g. of potassium acetylacetonate being obtained. 
Distillation of the liquid product afforded a liquid 
(7 g.), b.p. 136-137°/83 mm., fractionation of which 
afforded two main fractions (i) b.p. 107-110°/42 mm. and
(ii) b.p. 128-13Q°/42 m . Both fractions had 3550
(0H), 1725 and 1705 (1,3--diketone) , and 1370 cm. 1 
(CH^CO). Mass spectra showed that both fractions consisted 
mainly of compounds having M , 172, and that compounds 
with M+, 144 were absent.
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(«*) Potassium acetylacetonate (5-5 g«) was added 
portionwise to 2-bromoethanol (5 g.)» After* each addition 
the mixture was heated under reflux for 10 min., cooled,
and filtered. The results were similar to those obtained
*
in (d).
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C H A P T E R  5 
THE TAUTOMBRXSM OF SOME
1,3-DIKETONES
153
H CK2C1
MeCC COMe
M e ^ N N
H
MeOC
0 COMe )2
(1) (2)
MeOC
H CH2CH(COMe)2
OMe
Me N 
H
CH(COMe) 2
ch2cho
(3) (4)
(Me CO) CH-CH=CH-CH(COMe)2
CH(COMe)
6h 2-c h=c h2
(5) (6)
15%
The investigation of the reaction of the
chloromethyl compound (1) with water and the subsequent 
reactions of the dihydrofuran (2) resulted in the 
preparation of the four 1,3-diketones (2), (3), (%), and
(5)* The other diketone (6) was synthesised. Together, 
these compounds formed a series which was of interest from 
the point of view of the tautomerism exhibited.
amounts of tautomers present in a dynamic equilibrium 
mixture is by p.m.r. spectroscopy as an exact figure for. 
the percentage of any particular species in the mixture 
may be obtained without disturbing the actual position of 
equilibrium (jc.jf. chemical methods). For example, the 
%  enol in the tautomeric mixture of (7) and (8) is given 
by 100A^/(A^ + Ag), where A^ and A^ are the areas of the 
signals arising from the enol proton and the methine
proton (H ), respectively.
One of the best methods of estimating the relative
Me Me
Me
(7) (8)
The results found for the diketones (2) to (6) 
are summarized in Table 1.
Compound
(2)
(3)
(%)(fresh
solution)
(%)(aged
solution)
(5)
(6)
A
Table 1.
x
1
0
AK2
9
9
0
12
0
7.5
100A-/(A_ + A0) X X  ^
o
o
100
29.%
100 
%%. 5
The measurement of the areas is given in arbitrary units.
72It has been reported'“ that for acetylacetone 
carrying a straight chain substituent (9) the equilibrium 
mixture contains both tautomers, whilst branching at C or
Ac0CH— C- C0 
cL | \
H E
(9)
depresses the enol content almost to zero. The results 
obtained for (2), (3)» (%)» and (6) were compatible with this. 
The reason for the lack of enolisation of the branched compounds
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could be that proton approach to an oxygen is sterically hindered. 
The conjugated system attainable by the enol form of (5) 
satisfactorily accounted for the absence of the keto 
tautomer, as already discussed in Chapter 3.
In general with an equilibrium mixture such as
(10), (11), and (12) the methyl groups (Me^ » and Meg*) of (11)
Me.i
0
0
(11)
Me
(10)
(12)
are equivalent, in the absence of other factors (.e.g. the 
spectrum of 4-acetyl-2~diacetyimethyl-2,3-dihydro-5“Ksethy1“ 
furan, Chapter 3.)» whilst the methyl groups of (10) and
t
(12) could give either two separate signals if the 
interchange between (10) and (12) were slow, or a singlet 
if rapid interchange between (10) and (12) was taking place.
In the spectrum of (5) only one singlet (6 protons) 
appeared in the methyl region and it was therefore concluded
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that this compound was an example where rapid interchange 
between (11) and (12) was taking place.
The comparatively simple analysis of the cases 
where the compound exists exclusively as the enol tautomer 
can be extended to include the more common situation 
encountered with (6) which gave two singlets in the methyl 
region and was known from other features of the spectrum, 
summarized in Table 2, to exist as a mixture of the keto 
and enol tautomers (13) and (14).
Me,/ h H,
0==< |b H. ri H
\  /*e I /  &  I / alV _  CH_ -C=C —^ -C = C
/ 2s nH f n h0 = /  b o Oj
He.x
(13) (14)
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Table 2.
Proton(s) Chemical Shift (T) Area of SignalX
a - 6.73 6
b + b1 3.80-4.66 15# 5
c + c, 4.88x 28
d + dx 5.11 J
x
e 6.28 7.5
f 7.03 12.5
' S  7.43 15
Me 7.84 45
Me 7.92 37.5
Arbitrary Units
It was clear that the two methyls (Me^ and Me^) 
in the free keto tautomer (13) would be equivalent and 
therefore give rise to a singlet. What was not immediately 
apparent was whether the other singlet observed was
caused by (i) equivalence between the methyls (Me. and
3
Me, ) of the enol tautomer (14) or (ii) equivalence between k
Me, , Me., and Me. , with Me. giving rise to the other n x k 3
singlet. By comparison of the areas of the two signals 
it can be shown that (i) is the acceptable explanation.
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Prom Table 2, the two methyl signals (combined 
area 82.5 units) clearly represented 6 protons, by 
comparison with the signals from the methylenes (g and 
f)(combined area 27.5 units).
The %  enol from the signals caused by H and H
cl 0
was 44.5%* a similar result (45.5%) being obtained by
comparison of the signals caused by the methylene protons
(0Ho and CH0 ). The average value of was used in
8  t
the calculation of the theoretical ratios of the areas 
of the two methyl singlets in the two cases (i) and (ii).
(i) Since the ratio of [enol] : [keto] in the 
mixture was 45 : 55 (i.e. 9 '• H)» where [x] = the concentra­
tion of species x in the mixture, then, if Me^ = Me^ and
Me^ . £ ^atio o f  the two methyl signals should be 9 i 11*
Prom Table 2 it can be seen that the actual ratio observed 
was 37.5 : 45 (i.e. 9.17 : 11). Hence, equivalence between 
M e . and M. was in agreement with observation.
(ii) In the alternative possibility, since 20 of
the compound is in the keto form and ^/20 is in the enol
form, the ratio of [Me, ]+[Me.] + [Me, ] : [Me.] will be
n  1 &  j
* ^ 2 0 ' : "l l O ’ i#e* 37*9 : 11. This is clearly at variance
with the experimental result.
x6o
C H A P T E R  6 
NOTES ON THE EXPERIMENT A LS
l6l
U) Thin Layer Chromatography (jfc*JL,»c,. ) . This
was carried out on glass plates (20 x 5 cm.) carrying a 
layer (0.1 mm.) of silica-gel (Merck 6). The chromatograms 
were eluted with acetone-chloroform (1:4) and developed 
by spraying with potassium permanganate (0.35 g.) in 
water-2N-sulphuric acid (3:1)(100 ml.) unless otherwise 
stated. Spots which fluoresced under ultraviolet 
irradiation are marked with an asterisk.
Where a sample afforded more than one spot on 
development and an attempt was made to estimate the 
relative intensities of the spots, the estimate is shown 
in brackets after the value; s « strong, m = medium, 
w = weak, f = faint. Whilst it is not necessarily true 
that the predominance of a species in a mixture can always 
be correlated with the intensity of the spot it was 
nevertheless found to be a useful guide in many cases.
(ii) Thick Layer Chromatography. This was carried 
out on glass plates (50 x 20 cm.) carrying a layer (2 mm.) 
of silica-gel (Merck PF254+366^* Elution was with 
acetone-chloroform (1:4) unless otherwise stated.
(iii) Gas Chromatography (j£.l.£. ) . The details of 
these experiments are reported thus: (carrier gas:
absorbant/temperature).
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(iv) Ultraviolet Spectra. These were recorded 
on a Unicam SP 800 instrument using 96%  ethanol as solvent.
(v) Infrared Spectra. Unless otherwise stated 
infrared spectra were recorded for chloroform solutions 
(sodium chloride cell) on a Unicam SP 200 instrument.
(vi) Proton Magnetic Resonance (jD.m.r.) Spectra.
Ale,
These were recorded on deuteriochloroform solutions at 60 .m/c 
on a Perkin-Elmer R.10 spectrometer, unless otherwise 
stated. Chemical shifts are reported on the T scale and 
coupling constants are given in c/sec. The abbreviations 
used for describing the multiplicity of the signals are 
shown in the table.
Abbreviation Meaning
s singlet
d doublet
t triplet.
q quartet
dd double doublet
dt double triplet
td triple doublet
dd of q double doublet of quartets
m multiplet
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In the p.m.r„ data reported in the experimental sections 
the subscripts refer to features of the structural diagrams 
in the discussion, unless the diagram has been drawn in 
the experimental section.
(vii) Mass Spectra. These were determined on an 
M.S. 12 instrument (70 e/v.) operating with a source 
temperature slightly higher than the melting point o f  the 
sample.
(viii) Melting Points. These were determined on 
a KoTler hot-stage apparatus and are uncorrected.
X6%
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A P P E N D I X
THE PRELIMINARY RESULTS WERE REPORTED IN 
THE FOLLOWING PUBLICATION.
Tetrahedron Letters No.6, pp. 499-502j 1967. Pergamon Press Ltd, Printed in Great Britain.
SOME TRANSFORMATIONS OF 4-CHL0R0METHYL-3,5- 
DIACETYL-1,4-DIHYDR0-2,6-LUTIDINE AND DERIVED PRODUCTS 
R.C. Allgrove and Ulli Eisner
Sir John Cass College, London, E.C.3.
(Received 28 November 1966)
Rearrangements of the dihydropyridines (I; R = QMe and OEt) have
1-4recently been described . We now report some reactions of the 
diacetyl analogue (I; R = Me)^.
By analogy with the esters (I; R = OMe and OEt), treatment of 
(I; R = Me) with aqueous alcoholic potassium cyanide afforded the 
expected cyanodihydroazepine (II; R = Me, X = CN), m.p. 151°.
Brief treatment of (I; R = Me) with water containing a small amount 
of an organic solvent at 100° afforded a compound, ^2^16^4*’ m 'P*
(50%). The mother liquors slowly deposited yellow needles, C^H220^N, 
m.p. 189° (10%). The latter substance was clearly a dihydropyridine 
as shown by its U.V. spectrum which strongly resembled that of the starting 
material. The I.R. and n.m.r. spectra indicated its structure to be 
(III; R = COMe), further confirmed by the formation of metal chelates, 
colouration with ferric chloride, conversion into an oxime, and alkaline 
hydrolysis to the triketone (III; R = H).
* Satisfactory elemental analyses were obtained for all new compounds.
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The other product, C H.,0,, also formed metal chelates and gave a 
12 lb 4
colouration with ferric chloride. It had ^-max. 275 mp (£ 12,300), and 
^max 1700, 1625, and 1615 cm \  indicating the presence of unsaturated
and saturated ((3-diketone) carbonyl groups. The n.m.r. spectrum, details of 
which will appear elsewhere, was wholly consistent with the dihydrofuran 
structure (IV). One of the interesting features of this spectrum is the 
presence of two separate singlets at t  7.03 and 7.25 for the two methyl groups 
of the (3-diketone side chain due to restricted rotation. Further confirmation 
of structure was obtained from the mass spectrum, which will be discussed in 
detail in a future publication.
The dihydrofuran (IV) slowly reacted with water containing 10% 
isopropanol at 100°, giving, among other products which are currently under 
investigation, acetylacetone and yellow needles, ®^2^14^3* m,P* 125° (7%).
The latter substance could be readily sublimed and was strongly acidic (soluble 
in aqueous alkali). It formed metal chelates and gave a derivative with 
phenylhydrazine. It had <1 max. 282, 338, and 360 mp (6 34,600; 6,900; 8,600), 
y max. 1655, 1620, 1560 cm \  The n.m.r. spectrum showed singlets at 
H 7.21, 7.37, 7.42, 7.52 (three protons each) 2.28 and -8.77 (one proton each), 
the latter peak diminishing on deuteration. The physical and chemical 
properties are consistent with the fulvene structure (V). Johnson et al^ have 
recently described the rearrangement of dihydropyridines and azepines to 
fulvenes and have synthesed (V) by two independent routes, without, however, 
reporting any physical constants. The above authors postulate that the fulvenes 
are formed by rearrangement of an intermediate azepine. In our case it 
is possible for the dihydrofuran (IV) to rearrange to an oxepine which is 
then converted into the fulvene (V). However, this mechanism is highly 
speculative aiid the course of the reaction is being studied further.
The formation of (IV) from (I; R = Me) is postulated to proceed via
502
an intermediate dihydroazepine (II; R = Me, X = OH), by analogy with 
1 2related ring expansions * . This undergoes hydrolytic fission to (VI) 
followed by cyclisation.
Available evidence suggests that the dihydropyridine 
(III; R = CCMe) is not formed from (I; R = Me) by direct replacement of the 
halogen by acetylactone (produced by hydrolysis). Further structural and 
mechanistic studies will be published in full elsewhere.
We thank Professor J. A. Elvidge, University of Surrey for
helpful discussions, and the Medical Research Council for a maintenance 
grant (to R.G.A.).
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